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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a reading sensor 
with which formation of short-circuit path between 
plural electrically conductive layers of a reading sensor 
is prevented and interlayer boundary surface control of 
high grade is realized and a manufacturing method 
thereof. 

SOLUTION: A SDT(spin-dependent tunnelling effect) 
reading sensor has a first ferromagnetic material(FM) 
layer and a second FM layer separated by an insulating 
layer. The first FM layer and the second FMN layer are 
substantially electrically separated from each other. A 
sidewall of the SDT reading sensor substantially does 
not contain a conductive path between the first FM 
layer and the second FM layer. Further, a surface of the 
second FM layer extending substantially parallel to an 
air- bearing surface retreats from the air- bearing 
surface. A manufacturing method of the SDT reading 
sensor contains a process for depositing the first FM 
material layef, a process for depositing an intermediate 

insulating material layer on the first FM material layer and a process for depositing the second 
FM material layer on the intermediate insulating material layer. The second FM material layer 
and the intermediate insulating material layer are subjected to etching. The etching is stopped 
before the first FM material layer is etched. 
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2 V-/ 



-m i ©«fc«fcoTW£3*i&» i it#ffi£W-rsm 1 7 
Miami t^^-c ^e*^*K«(cm^;wtc^$ti/t 
2©wc«fcoTiBj£sn&as2*jwB«*ru MEmi 

2 ] i »cb*© 3 Ammm.ts.mm-t 
>d-\z&^x, 

mcatotwcm^-rsxT - "cry >ys^«-r-5.n 

l*h6j®£WL. BfiE^T^^'T'JlW- i^Exy • 
>^®i(±S^-5 5 PBt'fc» - rsm2M|Sl®^=& 

3 ] it*® 2 team© 3 mmmmmm^ 

>^iz^X> 

mum, 1 7$7--< -JmmfmzrvT-j -?m\$~ 
pT-jymvmizmufz.m. xt;>#c#h>*'j>^§a 

JfttfHffllBf WW bT£ D#£ J: 3 JC bfc CI t 

^©#&^£?T 5 yXfATS o T. 

5 s — * & Ml a^»i*«^»j&tr fc g> ©#& <t , 

i ©*s(c j;oTa«$txfem i m^m^mn>m 1 r 

MEHI 1 7?tV :/)! 7^*«Wtclt«Wtc#8t2*lfc 
S27^f^^iT$oT, B&Emi©(B«fcO/hS<^m 
2©«KJ:oTWesnfc»2*#®8:#U mlEffl 1 

7pTs7mfrt>nnmzm%.m\zftM2tiT^z>m2 

iftEm 1 797-4 ^IR^2 7^f^ :7B©MK&« 

n^pai^ot. Miami it^stcjfi&u Mtam 



3i£#ffi<!:> Miam2^ffitCja^b. MESS 2 ©(It 
^MMtC^ b ^m 4 ©ilitc J; o TISS tlfcm 4 ^l¥-ii 

[If*® 5] it#:«4{£E«©vX5%MC:fc^T, 

Miatt^o/ttji^-y H^wtaafi^#:©Sffi©-h-e 

&W)*im\z3c&TZ>-V-X^>z/3> • y^fAi, 

[Bt*3t6] »*3S4{rfS-«©->XxA(c43^T. 
mllBmi T^^^f 2 79^4 ^M\t. 

[»*«7] emSSt^ (MR E) r/HX^M 
mi 'J-KSMtSIit. 

ttmmmfm 2 tmjB £^t?. m»©s ^mesh 1 u - 
*ms;stf MEm 2 »^gd^^fc^SW»'**Wtr^ 

mZtlZ>.£. 5 tcr SXg £ ZffiZ.2>M R E -fe >u-&^ 

mifam2«^@©m2Bic*^w«cj«^$n> Hdtam2 
«^e©m 2 ® wfcVfffciB 2 »j - h 5r^-r s 

MfB«^©p^x-y^>yT?.xa«, 
MEm2*mji ^ma^rx-y^^u we+m»» 

H£i£4'i:T'©*X-y^>^U cnCioT, StfEm 
1 jmHRtf m 2 «*»JBatSt»K:*JIWfc*»»fc$MI 

$ <t 5 tc-r & xe s^tr* fe, 
[us*® 9 ] m^m 7 tcE«©*^(c*3v^T> 
mmm 1 ®«m 1 ©*s&w mmm 1 ©«ttMESB 2 

®©m 2 ©*S=k 0 ^ Z. t Sr#® -5*)*. 

mim. 1 0 ] i«*® 7 tcE«©^ffifc*3^T, 

MEaS:©«**t«$-&^>xett. 
mJEm 1 

BtiE+FBiw^ii^BtiEm 1 w^x^mfft^^-^xe 
[§s*« 1 1 ] mum 7 »cB«©*ftfcfii>T> 
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3 V-/ 



Btf2H§ 1 'J — HC»T-Sb*7 • *-;l-£jg(&U mllBf 

■t >-y-jf > s>ic «k o t'>& < t fe^wtcH^^ n 

ttSIgTifcoT, i«lfB«gc©Jl£x-;/5P>i/?-£Ig 
BifB2MRE-fe>-y-$-*tlfgX-yvOSDcDgB^ICi5^UT 

m&m l 2 ] ffl^ i i lci2*<D7jSC;fc^T, 
HtH2a3SWSS-X-y^>ybT^-5^f^ wieu-H« 

[R&H 1 3 ] 1 1 (C|B«CD^j£»Ci3^T, 

mtm& (dm * x ^ > y-r * is «. 

«H2*l*r|sHB*5U>i^r<5C:4:^:<, *JiESg2$m 
St, lWEt>IHI»»JiO— ssu>mi 

MMBfl 1 4 ] |g5fcJH 1 1 fc|B«0*ffife:*U»T. 

mumkv>m £x y ^ > ^^nii, 

1 5 ] 1 3 \zum^m\z^T, 
mmm 2 *me & 5 u > ^-r -s n 1*. 

h • Xy^<£rWr«>J;5»c:BtlieM2«|*H^/^-x> 
^-TSlg^trTm, 

[»#3t 1 6 ] it*^ 1 4 {CfBiScD^ffifr^^T. 

sg2 7* h i^x vm^mwm.<r>m±.^mk^^jL 

Si. 

#^cD^ii$:S(ifBaiac©g©x-yi;[cjfi»-r^)BKi2isisc 

H(H2^©g»B9f2x>v v?#jfi{c*3(riT, B9f2m 1 ttm 

m#m 1 7 ] tsjfcjg 1 5 izazmofimizis^x. 

iifif2ISS 1 *m» , MI2*F B W»BR^H(rB2m2«lsfetc 

hs*^ 1 8 ] mn&mtozkrw x^m^-r^a 

y-^h^StoMT^Igt. 



ft £ HfFl2S«I tc -5 1 g t . 

item 1 Fmmt&fs.mzmmzntzm 1 u - h 

iiBii v— ;i/H^ffi±fc^-r^igi. 
m 1 . fppw^sRtf is 2 *mjf £B&f2fg 1 u - 

gStfx-vy^ttSI 17^ :/Jf £Btrf2!g 1 ttm 

ifflf2SSIl U-H^mmWtc«^$nfc^2^c!:. 
£#T£3lS£#i-£&i^U-K£mffl31±3Ig£, 

Wf25y-;p K©gf»<&®m-r-5iei. 

ft©^#£iitrf2*^*mB©£Ji£cfc O^^iPS tcfrfc-o 

HtriB^ 1 797-4 ymvmw&ji o&^m&.zfx.y 

tt5S2 77r^yiT$oT> Btf2S?§ 2 7 ^ ? ^ 7 
m \Z$m&) tCiS^-r lCfirST-5;ttlS|X y 'J & w 

•r-5WS2^2T^^^^)isr^-r^fc*e)ic, 1912^2 

mff2^2 yB©Bat2x-v^iS6H2(f nQMOffiG 

x-vvizmmmteT&m(Diimm&mmt<i2:z>j:m£. 
M$zm2 7Pzr4~7mizn55.mizmm-2 nr^m 2 ^-)\, 

K*\ Bf(l2^2T^^^SJifC^-r-5Iie < >:. 

strain 1 ^— )v h tcm»wicMigE$n» Hfris^g 2 ;p 

J&T-5If§<fc. 
[H*^ 1 9 ] mUtm. 1 8 (C|2«<3D7jj*(C*3UT> 

xt • ^7v>yffizmmm2T7T^7m<Dmmttfa 

^yit<D¥ffi£lt3i»mz&ti.2>¥-mf*JtzWlZ-rz>fztb 

(z. isii7^r^yiROTr B ii^, mzrniy? 
t^I- WI2^2 7i/^^e&c/iEri2^p B ^tc*n, 

[0 0 0 1] 

• F^-f^(cl3b. <J:DI¥aBlc«, (magnetor 
esistive (MR) ) WkKi^y K, ^^fcpiMtcH, 
Xf>ft#h>^U>i/ (spin-dependent tunneling 

(SDT) ) §^9-fe>tmD^©Mig#fetcM-r-&. 

[0 0 0 2] 

[«£*©&«] Sgx-<X^ • K^-T^tt, 3>eo.- 

WDttiuzmmztiz. mi (a) sixsi (b) ic^ 

t^T, ^©l^m^^X^ • K7-f7'10(t v-;H< 

•x^a-ytni, xpmm^-? 1 4 

^ 1 4<Dmm7,if:>^JVS 1 (CJ;oT[a]te©fcs6tC 
^^tlfefiSM^-fX^ 1 6 i. T^jlX— ^18 
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S2^®DM6hfc7-A2 0t, 1fX^> 
y 3 >2 2(D-SS«7-A2 0^#S^£n> ffifflf^© 
O/fa^yF, BP 5* h7>Xra-it2 4'\iB& 

^E— ^ 1 AHm^f^T.i/ 1 6*^BlRT*T<t-5^ia 
<g**T^^ra. X7^7'J>^h7>Xra-^ 

— iJ-2 4 tefiBSi^ X£ 1 6CD*®^e>«^ICjt^±lrf 
7^faX-?18A^7>Xra-9-2 

[0 0 0 3] B2SR%0SX3 2»tf*a*S* <— 

flg^v H 2 4 0>»rBB£*-r. t®DI*3 2&tfg 
3 4 ©Sffi$nfc&X7 5*tt> XT ^7»J> 
^IABS^IIt^X^ 1 6<D*WC#[r!T^F®3 

[0 0 0 4] 2J4*ly-^FSH 1 

fg 2 ;V FSH2 fcbT«fitr>*IHJi 3 9t, 1 

—)v fshi ftdw 2 ;k hsh2 ©Btfiarr§» 
^Dir>^4 o £&mTz>» —mmc wmo^mxm 

(magnetoresistive effect (MR E) ) £ 

•9-4 0^iloT^n^-fe>xm^^ffiffi"r^>Ci:tC c to 
T, «»«ft»StAR**fflT*. AR/R©lt*** 

[0 0 0 5] R8tD"fe>U-4 0 7ffiJ«*nS«afiK3& 
*©«Stctt. a^rttflKStfita (anisotropic magnet or 
esistive (AMR) ) g&*atKg*«Stffita (giant m 
agnetoresistive (GMR) ) JWft««**n*. 

>*U>if (SDT) J»****tfSn*. SDTir>1i- 
OttiSHtt. B3fc:fctt£»StD*>lM OlcJcoT* 
£*l&o HSTSct'Sfc:, SDTK*0-fe>*4 0tt3 



£G>3ajftt. J»jR)iINS«CckoTPHTSn 
(ferromagnetic (FM) ) IFMlt 
*2 3£«tt#BFM2£S:W-r** ^n&©Htt->-;V 
KSH1, SH2fc*tLT*Jt«fc¥fffc*filf*lt6n 

-jl/HSH2 V>m<D S D T^Ig 0 ± >V 4 0 t^Sft b fz 
RE, tI«3O0iFMl, FM 2 , INStCdfiE^ 
-r**lSHC»n#S. ^WT^>^e>«> SDTMDt 
^ItttTMiS^SflE (current perpendicular to plane 
(CPP) ) ^-FT»fpBj«BT?»*. 
[0 0 0 6] SDTtffiDt>f4 0TH 2o<03S» 
ttflcJRFMl, FM2*««iibT*n*»l««U» 

ns*e»Ji i Ns**abTrn6<o«*iB*stns. 

2^©9itt#lFMl > FM2<Z>«{fcMl, M2©ffl 

sdt mm r) -fe >it 4 o © jgffiag&f 5 «> ^ <dwsi<d 

2^(D««tt*S<D5*0— ^©aBtfb^fil^fB 

S D S D TO* 0 -fe >tf jfi^«8t£« 

*U 2 0(DKfbMl, M 2 <0*|ft*«air^fc¥fTt&"r 
RE. CS. -HRtttc. SDTM^0ir>-^ 

lii^Tl 8-3O%0AR/R^:, 10mV±DI^ 

mMfc&$ZM°tZ>—J5* Zi<D^\zjgi,mf$&BElzttfSr? 
S3Efc*^RIRD't>U-tt**Sa)ll*». SDTi® 
01r>^<D!E^K^AR/RXt^«c»^^ffi*«£E^ct 
oTSSfcb#5o 

[0 0 0 7] »1 FMIFML £6i^Jf INSStf»2 
FM«FM2fc»jart"*Jfc»K:, 3^0«»*S1U- 
F (EZLTttSlv'-^FSHl) Jt^»«Wfc*«S 
i±^Ci:tCj:oT. SDTaBt0ir>U"4 0*»JBK"C€r 

«k AR/RttSDTR®0ir>if©«»©JB0)raco% 
^ffi (JIIRMJNB) K3tfbT#fctt«-e**. fk/MH© 

cnCctoT, SEtCiS^AR/R^^TSfc*S)JC> F 
Ml. FM2Sr/INS^7>*>^>'^DtX 

[0 0 0 8] *^T% FMK FM2^INS^M 
-fZ>tz.*b\z, — »tttt^DlrX*«^T, ii>itS4 2 
^:X^5 1 >^b, *2U-F ( COffTCKHB 2 H 
SH2) SFML FM2WI NS0D±(C*ffl^^ 
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mmk\.nz> (mm 4 nz^-oxnmmt^) . z\n\z 

m 1 S£fi&tt#jf fcttm 2 ^tt^^W-ggWff 

itaSr^TS dtKCfcoT. M£L<& 

<^*8§> BH£. M*SgS7i^g4 ItCittoTFMlSCX 
FM2V>ffl\zl&j$,2nz>. £©<i:5&$g|gS&f;:J;9. S 
DT-k>1f4 0teXfcf>&#h>*U>^#l£3»mW 

[0 0 0 9] C©Mjg^a-feX<D^<D©PgT«, XT- 

0®ll:©t>D-l4 2 5, ^ne.rot>tI4 2K* 

(tftffi) > BP^, ^rfiJX-yv 5 (7D>h -X^v) 69$* 

W^fifirogcoi^ft^n^^,, fm i sot/^fcttF 

M2CD^*t-tlf.2 0©P©F B 1tcm*$nfc*-&, d 
CD«»«MS L < &<^@S8SS£ utx^ 2 o<DS©Fb1(C^ 

^®0-t>1t4 0©JS$H*^<^oT#T^-5,, d© 
fci*. FMl^FM2^JE(cS^^jftl,T^T*> 

*smmm±vx^%. %m%&wmtz>£oiz. taie 

©x>y^*«S:Dt^cD^S«t, Z\tl<E>o>mmiZttM 
T^iSiOttfCfiTtlJ. CPP^E-K-CKf^T-Sffi 

[0 0 10] 

o ± >-y- srM tc^ ir> 3 x h ti {cffljgtciajg-r & c t a* 

[0 0 11] 

^ttscnxt-AJK, ^nzmm&oi&^mm-jn-t 
x&mmi>t3.&<E>, mm\z. mzm^&m&mm-t&s 

^ss^2o©^ett«i:er B i(c*»Mtc#5-r. m 



[0012] 3aeeas 

StHt>t(iI17^f-fyit, ^2 7^r^yi 
mi T^^^y@SDCS2T^7-wy@wrBHcfi;M 

<Dnmt*3mm&mmmzm±znz>. w^mmmmx 
«. m i T^^-f -Jmym, i ©tsKioTB^nzifg 

^H2©ifi{cj:oTia^3n/tm2%#®^L. tpra 

/IHSglifllWofi&U mic7)"lBt3IKWfw^H/^ 
4 , ^Sttm2«#®(cjG«b. m2©*St*M6<HC^L 

[0013] ^mmo)m<Dmmmmxit. mm.m^?> 
m^-mm^n. y"~^^mn.mm^^m^rztt>\zmm 

$n-5WKCD3S@eMStn:^m (MRE) -b>ij"i, 
«. 3SHMREir>U-«5 J -iS'(D^0fCfeVt^MiC 
3aHMRE-fe>itcomi T^^^^jtt[6j®S^ 

+Fb1ii*Hpi®«, xt • /<7>j >^®^tt§t-r^i^i; 5 F 
[0014] *^BjcDgij©mi^ii-ctt, amejs^i* 

(MR E) fA*-fX?;M1-5^tt, miU-F£fl£ 
fiEf5Iii> ^1 U-K^mWtC^^nfcMRE 
t>^^t5lSi- MRE-fe>lJ-^SM«UC^ 
Snfcm2 U-K£J£je£TSI§£, ■fCMR 

E-t>u-tt, mi u-K^s^wfcig^n. miu- 
Ktcuswt^fTT^^m i fl-B^-rsm i t^^w 

^It. 12 'J — F^ttftftCffiRStU m2'J-h*{- 
HKWJc^frT^^T, tr B Hl:ioT^i7i'f-<^ 

B-t, *^ty. MiLT. &lYi7 7-j7m<Dm\3.Wi2 7 

+hm^2 7^t^ ?m*nm\sTnnm\zmm.\z 
a*w«Bj&». m i u - Ks^m 2 u - H©r«itc#«-r 

igt. m2«*4e**p«i«^a±'\*6«$-e-2>igt 

X->?>^Stl, -?"03X-y^>^«. I1OT1JI7 

5 i >^-r^H(r(cihi>6-5. 

[0015] ^mom.m.^mmmmitMizm^mu 
^)ix<Dm^&fr<Dmmv$:*!miz-rz>. miz, m^m 
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FTJgj£T£3 3 f P >KT©^f5f#«|jg-&^T?» C P 

^^w^sco^ss^tcct ox s d Tmm v-ty-y-zm 
[0016] *mw<nmz<D®m&^te%>%:i-s.sii : <Dm 

[0 0 17] 

[»HJ«^JScD^] HI (A) . 01 (B) . @2, 
RtfBa3ttfl6*t«BcDBi9iT?R.k:«WbT»*. 04 tt 
*%^CD-Hi6fi^J(CSe^ S DT-fe>-y-©Sit^ffi 5 0 © 

»ritTS. XS'5 4&t»vr, ^1 ^^P«^lt«(C 

[0 0 18] Ig5 ^SJS&tm^lS&tfm 
Jg£»«LtKJ£jrr<5. TiDIIiAl20 3 , A IN* 

K&Wetmm (cmp) sfroi^yntx^ii; 

T, T^9Jf£¥S{fcU mi v-Jl-F^CCDX'P-feX 
•eiffiSt^CtW^lH. Ig5 8Tll mi'J- 

u, Cu*fcttT a 6#JfftiiIt6 

mi u-h**^-r^fc*(c, i^ayDtx 

^mi^-^HS^T^D^ifClt^S-ar^,, ^vr?, 

mi u-K£j§?j&-f £fcae>fc, /t^-xtsnfex* f 

£££{C<fc9. mi U-H^JnA-g.Ct^:<, m 1 
F £ »J - H <b UT«Stg3-fr#^„ 
[0 0 19] Ig6 0TH> ti'J-H«:MREt>1)- 

-ci^sm i t^t-w :/e &#m 2 tvj-h zfm&^-r 

Ig6 2T'll $2y-JH J 4f27?r^^I± 



7* Mz-^h • TX^tfifffl-r«.^i:tCj;oT, >- 
;UF$m£X-;/?>^UT. m2:>-;UF£«5j5gbl# 

-5= ig6 4m -b>-»^« h&mj&t 
««wtc^i8$n> 'mii'-)VY\zM\sxnfm\zim 

$nt^5i4(DIg6 OTro&l^y-F&tfMRE-fe: 

T. Cti&W)l^*^®*^#^ns. CPP^D-tr 
>-y-©fig«t£tn;it(AR/R) <h. ;itucfe#-r5cpp 

[0 0 2 0] Xtf>ft#F>^'J>^^*Pfig-rSfc 

ttA 1 2O3V A 1 N. BNv NiO, Si. S i C*it 
2PHttNiFe. CoFe, Co. FeSfcfctte© 

mmmtmfrt>^ti^nMtimm-?&z>. Mtc mi 

«»SS^m 2«»J1«^ 1 0 0 0 *>^X h P— Aj5> 
6^)2 0, 0 0 0^">^X FP— A©P$©«HiCfe 
0, «t»IHJi<!!>J*Sttm 0^->^XFP-At5^S^2 0 
^->i^X hP— ACDlEHlCfeS. 
[00 2 1] Ig74Tlt fc*7 - *-;U£3SB£R 

fcig^tcA^— >{fc3*ifc2fiJti/>>x U*jfi*fl-b& 

T, mi fc*T - *-;W»6*Mbfcffi«lC*t»T, S'J© 
t*T • *-;W£3»f £RjiLTmi U-KiTIyf 
>^b#^>. Ig7 6fH ly-^tmiTi'f 

-5. 6C0X-y^>^tt. Ig7 4©X-v9 1 >^t 

l^^trnffiBlH-r^-S. Ig7 6©K, m2»^)lR^ 
*F B W^H^X^^>^1^ cntCioT, ^2«^I 

i-»K:fl«*«Mirrs. S*ffl^x^^>^4 I lc^ 
^tltcioT. mi«^BS^2«^S*t{lStC 

mr>xmmmzmm^n»^o ig7 8tit s^u- 
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[0 0 2 2] XS8 0Tf«, I^mt5^2 7?f 
J-Jm&B&LT&tzmz. l2WIJX 7 ?>^t 

^©-:#. ^ra^me^©^©^^©*! 

s i Tfj-j -JmmmzTZT-j ©r.a©»m«j& 
ss§ 2 7 9 7- ■< yix > yRt;^ rbjix i? ^-en^-Yut 

Tfg 1 7ff^ T/g&tflg 2 T^tV yjK0MS8Kn» 

sat. 7^t^ yiiisi 7^r^ 

[0 0 2 3] 06~il 5te&5£W<D--Mffim\Zlj£oj5 

mz&m vtc.&m<Dmkv>&tz&&m\z&z>*?kw<»f£ 
mwz&o sDT-fe^^n^n^-r. a 6 (a) 
OT6 (b) tt^i v— ;n< 1 0 ARn^-mt^ntzrf 
momi 0 6iz£-oT&mzntc.m&i 0 2©¥i0R 
.^twsHs-en-^n^r. s«i 0 2tt8ft->'j3>s 
stDitfiSKSieMttmfr 6»j«?riBif **. a§ 1 

Hi 04 ttN i F e fc£©»»fce*©«tt*m 
a>S®j£S*rCH<5. f ly-^Kl 0 411 A^ — > 

fb^nfc^* hi/v'xhs^ssi 0 2±\zm$LV, .k 

t^T. * 1 y-;P H#«* 1 0 2 ±^\/ y ^T5<k 

ote&m<Dmto<D7n±;x\zj:r>Tmtfttm-e$>z>. z. 

ntCf^AT, MS 1 S'— J|r PttfteSIK 1 0 2 -h^XA-y 

>^ r b#S„ A 1 2O3, S i 0 2 > SitliffiCDjg^J^ 
lt*m&<h*©T^0*m£*fM83-S\ Sly- 

;n>* 1 0 4£Hfcb-f zfztbiz, Tmvw&& : ¥mtt.-rz> 

Z£iz£r>T. T^OJIl-0 6teJ£f£2tlS. CMP7" 
[0 0 2 4] 07 (A) &tf0 7 (B) teSgl->-;H-* 

1 0 4±izBf&2ntz&i u-Hi o 8<D¥-mm&ztm 
mm^ti^en^t, ssi u— f 1 0 <au> . 

S(Cu) *^«^>^;i/ (Ta) ^t*<DS«J^^*J 
^e.^fi£nJtgTafe-S.o 'J-h*$m©7G:££:l8l£ 

^fT'SCttc.toT. Sl'J-HlOS^MLt?.. 
0 8 (A) &tf0 8 (B) l^ly-;H^104i> ¥ 
iHl2£n*:T^9Jf 1 0 6 t, ll'J-h'10 8 (C-€"tl 
^*nfi*a6nfcXtf>fic#h>^.»J>^ (SDT) ^-M 
Jf 1 1 0$*f„ 0 8 (B) iZ^t&olZ. SDTM 
SI 1 0teSDT3fiJf 1 1 2t, ^©±tcm&-&K& 



fiBttft: (AFM) 111 4&tfttfcb«** ?t?>jfJB 

1 i 6<t^tr. SDT31H i 2U, ^isfl^nfc 

Ti0110 6. *li^-*Fl0 4KI)WlU-l«l 

0 8 \ztn^nmmt^m 1 wifm i m 

K. SDT3SJ11 1 2H S6SIINSCioTil 
BBttttJi F M 1 ^ 6»«a 2 &i2tt&Jf F M 2 
Sr^tT. AFMIIil2MttftlFM 
2©SMt£e>ifc#T^<t8St£T«>. ftoT. $2M 
tt#«.FM 2 tee te©ya-fex^fflpJig 

[0 0 2 5] 09 (A) Rtfi9 (B) !4/^->-ft^ 
nfc2ll7thL'yXM2 0t, £©A^ — >ft$ 
tXfc2Jig7* hl/>?X h 1 2 0^b&X7?>^|; 
ioTMSnfc^l t'T • ;H 2 2Mf2f7 
•*-;H2 4tSi-r. «T^i¥^-rs«t5fc, 

®}V2>. 09 (B) \Z7fi~TT 

/i^->^fig-r-5.@^tta©^»i©*j£tca;o. a 

^->Yt$tlfc2fiH7* HUv>X h 1 2 0£Jgf&Ti* 
•5. #lx.f;£, ill X* hl/v'X M12 6SSDTM 
111 Ol'vtiSt. ^2 7*M/yXhIl 285 
*:<D±tzmm2l*Z>. mi7*bU>>7> Ml 2 6 2fcC/ 
^2 7*hL'yXMl 2 8IC^LT^n-en5^5« 

/^->fb$nfc2il7*M/yXM2 05 

^ffl-r-scttcko. <*>-5'j>^a. jsiu — f 

10 8 &m\X>tZ>tz.tb\Z S D T^II 110 

mi fc'7 • *-;H 2 2&tf|?§2£7 • ;H 2 4 Sr 

BtitTZ. ifflI->f>^iIlH7 • *-;H 2 2S 

^12^7 • *-;n 2 4 ©^©-gB^n^ntftjsjc 
f^SDTMli io©Siflii (mt>. ir/) l 

2 5&o:m2fi!lM (Wt>. X^v?) 12 75IHjt5. 
3EtC, Slt*7- 1 2 2 2 h'7 • ^-^ 1 
2 4 ©RiJlCftgf £ FM 1 ©gfcfrCDigW 1 ^jlj^^n 
•S. CtKCf^AT. f lk'7- ;H 2 2&tXm2 t* 
T • six— ;H 2 4*^f-5fc«6tC. -f^— i?-iJA— 
^•7"DtX*ftfflTt^ Z\(D£o\Z. mm<DZ\(D 
mmz^X. ¥I@ibTlfc»^ 09 (A) Ktk 
-r/15'->{k$nfe2SSX* M^yXhl 2 Ot, m 

1 U— Fl 0 8©^fflLfcS&#<fc£jE£diaSTir.5o 

fm i ©a^tifcgB^^m i -7>?7-4 z/m&B&trz* 

[00261 01 0 (A) RZtm 1 0 (B) Wt. /N — H 
• /\*-f 7X-U- h\ EP%. 8«iJ-K13 2t. A- 
F • A'-TTX 1 3 4 t*B&tZ>fztb\Z, Slf7-* 
-)l> 1 2 2R^2 MY • 12 4 ft\Z^tl?tim 

*S-&fc«»**-r.-A-F -A*-f7X • U— HI 3 2 
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%.W\— H • A-Y7X1 3 4 ©;|*ift©ifl«+. A^-> 

SJf 7* h l^X M 20 «R£5kS*l&. ftoT, 0 1 
0 (A) Tm3Z-?ZZ>&olZ. ¥IitUTl,fc«^ 
SDTIH11 1 0©Ef8t, +t7E>^Ill 
6 £/Y- H •/H7X- , J-H13 2 &i!*A- H • A-f 
7X 1 3 4 ,i-i&lCji.£;r<h#T-i*&. 010 (B) 
^-TiptC. A-H -A'-f7X • »J— HI 3 2I^1« 
112 5(C»oTSDT3fiS 1 1 2 t&LTfeD, A 
— H • A-f 7X 13 4 «m 2 fflM 1 2" k 7 l:»oTSDT 
3figl 1 2i«lTl-^. 

[0 0 2 71 011 (A) RtfBl 1 (B) KSVTJ:? 
Id, SDT#iI110*l7f>i't. HtlfcJ;-? 
T, mi&&tt&JIFMl©J§m£iIi5rr"5. iifrfSroj; 

T^frT^S. 011 (B) tC^StlT^&t^, SD 

l7f>^U £T©&flm#-:7* M/yXh 
£B£S;bfc^tc4StAT> 01 1 (A) 14, A— P*/W 
7X-'J-Kl32t, A-H-A-T7X1 34t, S 
DTMil 1 0«MBW=*-irytf>^li2:» 
H 1 0 4 ^iHt^tlfcT^DJl 1 0 6 ©¥®0£S 

[00281 01 2 (A) 25:1*01 2 (B) £^-T<k5 
Ic, S»J©2fiJf X* M/i?XM 3 5£SDT^5-fiJIl 
1 0 ©^g&i, A— H • A-f 7X • U - H 1 3 2 ©— g& 
<h, m 1 ;P H 1 0 4©— SBtDiilC^-n^tt^Jjfc-r 
-5. SDT^lIl 1 O_h©0r^ftHfcSBH^nfc2m 
I7tt-^XM 3 5S^ffl-r-5CilCj;t3> SDT 
Mil 1 OSfl^^' 5U>^(CckoTX^5 1 

>y-r-s. sDTMii i o±tciHM$nfc2S^7 
* h i^x m 3 5 * tMm<Dmm?2.Jj&. sr&ffl-rs £ 
ttc<to> sdtmii i o ©— ibbjihb©**^ 

^116> AFM1 1 4&tfFM2©&)f frlfci;3ft> 

[0 02 91 01 3H381MS1 2 5Xt;*2«fil 2 
7©M^(C^tt-&SflfBCDX-y^>i7'CDi^*?r*Ti£^:0 
SHHBIM1 2 5Rt*Sf§2#Ml 2 7teX-;/3 ; > 

©ig^il 3\Zm2tlT^f3.^SDT&mmi 1 0 CD 
<&©«gfc©fiM©®^Tt>i§j££m:iA£<, SDT^l 

m±izMf&2ntz2mm7 * m/s^xh i 3 5©i£tt€ 

&U7>y-iJy HciD, flfllll 2 5&tfSf§24B!l 
g 1 2 7©Ra©*-V ;> bf>^H. AFMiS^itft 
If FM2©-gBte*i«CD$$S£n. £©FM2©-gB 
«^2Ti77 : -^^B^PBS;bfc**SSn^). 012 
(A) tC^T^tC. $2 7^X^^1(1 *17f'f 



x~® ©*fft®i 3 7 tte^fewKmfcs^ffifticftB 

■T**#lfllffi (fl&ffi) . ^(SjX-yv' (XD>h -X 

yv) 13 6^ft2>. H»C Xyr^AWIIN 

tt^ih^tx, ^oD^ea® 1 Nsco5a^nfcS6^-«f ram 

ZMrfLTZ. tot. FMl^X-y^>i/cftStti$ 
n^iViCD-C, FMlMtfFM2I^I^CSibi 
3, Xy^>^$tl^FM2«5|St©S*«^M«HC/i 
dtl(CJ;0. SSStttcprpSIJI I NSSriloTSgl 

7 ? 7- << ?m f m 1 mtm 2 7 9 *r 4 ?m f m 2 ©r B i £ 

SMlll***, fg2T^^W^BFM2tt^lT^5 : -^y 
)!FMl^e>*K«tC*^W{C7>5K$nT^^. ift 

[0 0 3 01 *&W<D&fee>$mm-C\Z* X.y3 L >tf<D 

iCl^V^T, 5y>2f«tfjtr*. 3€tC> NiFeS 
ZfA 1 N©Fb1©5 'J >;>*&«©j*^©<fcpfc> FM2ji 
yiNS rttC^B ^tlT V^«^SV^tC^c€ < mfcZ> 
5'J>y'MS : SFt5S, 5'J>^3ieE©^'fk«Mf-ffi 
**»Offl3ifilcBIH'r*-5. £*UC<fct>T, x^>^© 

[0 0 3 11 FM 1 mS.T'mVfc^ZWX.y^yif&ft 
■otd&, 2 5R^2iil 2 7©F«U©FM 

1 ©mi ^If® 14 011. mi ©*SW 1 Sf§ 1 m 

il 2 5Rtf!g2#!lMl 2 7<DfBl©FM2ffli2^I 

14 2(1 mi©*SWl J:0«^m2©*iW2^*T 

a. ins, BP*i. *rae«m 1 ©iiiw 1 <h*K 

WtC^LV^3©*iW3*<»Afcm3^#®l 44i. 
fg 2 ©iffiW 2 tHK^{C^L-^m4 ©HW4 &ffiZ.tzm 
4^Bl4 6tif*n. fe-^^^ 8atECD«fc^td I 
NSS«rj^' : t J S'e©^X-y^>yb. 012 (B) 

Sr^-t?^^>g'J©X^5 1 >^*j£^ffl b#^>. 
[00 321 01 4 (A) Rtf01 4 (B) \t. &2<D 

2mm7*hu>>x hmftzmfetzwizmwisTcVim 

t?, SDT^lIl 1 0, A-H • A-T7X • 'J— H 1 
3 2, A- H • A'-f TX 1 3 4 , §1 -y—)V H104R 

xsmm i o 6 ji^n^nmmistcmmm 1 5 0 ©ii 

JD**-T. S 2 © 2 II 7 * M^y X h SH* Ifci. 
mi ->-;i/H§5»l 0 4* . A-H • A-f7X • U-K 

^1 3 2' s.y;sDT^sggc^i 1 0' \t&mmi 
5 ossauTSimsns. «£ot, 015 (a) xt* 

015 (B) tC^T«fc5lC, SDT^SBS6»1 1 0' 
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(C«U SDT^SifSBfrl 1 0' <D±\zMf3.Z>J:o 
tC. m 2 ^-)V F 1 5 4 m 2 ->-;!/ F 1 

Fey-Kit, 7*hkyXh-yA (0SB8) 

5 4 C<il;iJ:oT> fg2z/—)l Kl 54^ 

*gl ->-;PF • fcfT" • 7*^1 5 6 2kW\— F • 

a<7x - u— h • Mr - y^i/i s siAm^rm 

[0 0 3 3] jgjDSit^SDT^ajl (HifcBS) JilcB 
&3#€r&*®ift3 4£7gj&LAc&, ^©SDTJlfC 
HS6tUC®32L, 1 5 B — 1 5 BffifCflltWlcWrfcX 

ii*t>^7 7f>^t5. 012 (B) K*T2fi 

^<D?-y t">i/tC«t K>. FM22-H6JS1 3 6^ABS^ 

z>'&Mhti®m «£ot, mi T^y-^-^mFum^i 

tC*5lt^FM2«4Bf©||^g5 J l : $n-5„ j:©^, f 
Ml&t;FM2^-C ! ©^»^*WlhSn-5. MtC, 
ABS(C^(t^^mtCj;-3T. FM2*i^*$n-5«# 

2 <D'&mistcQ:Wlt7 U-1FM1 <Dmit\Z&W*R& 
•r*^ ^-r-5SDT-fe>-y-gig©{i;T^tt/h$^„ ct 

2 0%©SDTAR/R^|ggWc«^ ZHmO. 2 
wm-rfi. Z=0©^J;r)7'J-Stt^j7S«^, ^ 

mo&Tizmi 5%*m?&5. £©&ig£, m2%(D 

A R/R Sr^T-T^ £ <fc£<K56LfcAMR tlt^fc*^ 
LfciSit© S D T-t >iJ-ttS*^CiiS^^«^ft^* 

[0 0 3 4] ^cD.t^tcMiasnfcSDT^KD/'S^ 
*-fe>tKi, 01 (A) &DC01 (B) tc*-T<i:5t^ 

XZmm^-? <h. -^»C^ST#-5,„ 015 (A) s 
#01 5 (B) (C*-r>*UTa«T^SJ:^{C. ^^"7 

• U — H - f7 • 7"7^1 5 8. A- F • /X-f 
7X • >J-F 1 3 2&Zfmi U-F 1 08^LTSD 

>xmas-y— + v mss&2 ;uf i 5 4^.m^xmn 

&?)1l>y-<Di§.tnlsX#>X$ : i)ife?Z>tcMZ. &lzs 



-;i/F • t'T • zf^ifi 5 6^©®gj&>7-f-\"j 
^tt> mi vms-m 2 f 1 5 4 ©ng©m 

[0 0 3 5] «±. #fgBfl©^0iJ£SDTRI&D-k> 
»©Jf©F^c;fctt3Mi&©l»lt©Ilji[£§tt#£#J©;fl 

mo)cppmmK>±>D-izmmLx. &mw&nmx& 
zz\t *mmtz»&m&$>z>. 
[0036] mm^Biz-r^mmx. 

gpb<|ft^bit^ #^©^I05:Z*^iE£*fgipl©it 
^©IBHrtTlliSLTfe^^. SEoT, it&15©3l;&60ijte 

[0®©figi|i&lftBJ3] 

[0i] (A) ttBS»5Vxi7 - F^-r:/jia3t#£S&# 

W{CSt»fLT*-riE®0T*-&„ (B) it (A) ©IB 

- 1 Bmz&v&w-mffim-v&Zo 
[0 2 ] m^m^bmmm 0 -t y^^m^/urdm^m 

[03] ^2<Dm.m9mme>mmm-e&2>. 

[04] *5§^©-*ig^JfC^5 SDT110t>"!t© 

[0 5] *^w©— mffimz$£5m4\zmTtpffl&mm 
mm$:m&-?z>T.m(D7 ^-v— Ft?fe^„ 

[06] (A) «*^BJ©-HJS^J(C^3®!jt©lO© 

a»»c*^*«»«iK:«jfian&sDTi«ito-t>ito 
¥®0-r«»-5„ (b> u*%wv>-nmm\zft? (a> 

[07] (a) «*fBBj<D-niS0ijtcsepKM©io© 
a»»c* w«»»ttfc»iisn& sDTiiDt >-y-© 

¥®0-C$>-5. (B) tt*56BJ©-Jlig^tcSep (A) 
©SB^W (cSSit $ tifc s d T^it 0 -fe >-y-©»f® 0-e$> 

[08] (a) mmwizftoMjg&i o© 

¥S0t?fe-5„ (B) tt*^Bfl©-mS^fc^5 (A) 

©gB#«nc83jg£*ifc s d 0 ■t>v<Dmmmx$> 

-5. 

[0 9] (A) «*^Bjo-HJg«3Hc^3iaig©lC)© 
¥®0T?a?>-5„ (B) te*5gBJ<D— ^ig^SKc^p (A) 

©^wicffiijianrc s d Turn. 0 •fe>-y-©»rS0-e* 

[010] (A) te#fgBJ©-HJSWc:ft58ajg©io 
©©pgtc*3it^g5»H<j(;Sjgsnfc s d ts»& 0 -t >-y- 

©¥®0T&£„ (B) «*^Bfl©-^jg^j| C ^p 
(A) ©SB^B<J{cS}it3nfcSDT^D-t>-y-©»r® 
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(A) ©«»WtC»®SnfeSDTa®0-fe>1tO»fffl 

[012] (A) \ttmW<D~$Zfamz'&om&<D 1 "3 

co¥®0Tag>^>o (b> fct#5S9§<z>— mmmtzftz) 

0tr££o 

[013] *mm<D-$mmiz'&6wti 2 cb> <z>«» 

[014] (A) Ji*«M<D— IOS«k:lse5«Jft© 1 r> 

(a) <oas»»jc«iesnfcsDTKwo-fe>iJ-<z>»fM 

[015] (A) tt**9i©-*JB«^«5«ja<D 1 ^ 
(D¥®0-r&£« (B) tt**w©— IOfi«K:tt3 
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1 Title of I d v c a t i c e 

METHOD AND APPARATUS FOB PROVIDING SPIN-DEPENDENT TUNNELING EFFECT ]N 
READ HEADS 

2 Claims 

I. A 1 1 i - 1 a j c r magBCicresis l i v e effect sensor, comprising: 

a first a c t i t e 1 27 c r h 3 ? i a g 2 first inter face Surface defined by a \ : : 
st width; 

a second active 1 2 1 e r s u b s i a 3 1 i a i : y electrical - J isolated from s 3 i a f : 
rst active layer, having a second interface surface defined by a second 
width that is smaller thaa said firs: width, the second active laje: b*: 
ng substantially electrically isolated Ircra s a i s firs; active layer: and 

an intermediate layer ! g c a t e d between said first active laje: and said 
second active layer, said intermediate layer baviag a third interface s 
nrface that is proximate said firs: interface serfac? sod that is define 
d by a third width that is substantia!!? e q d a I tc said first width, and 
having a fourth interface seriace tba: is pmxisale said second inierfac 
e sarface and thai is defined by a fr.grth width thai is s u b S t a 0 1 i a ? i r ec 
aai to said second width. 

2 . A t r i - 1 a v c : ma g d e t c r e s i s t i t e effect sense: as r c z 1 ■ e i in c ! a i m 1 . *ri e 
rein said first active layer has a firs: facing surface that provides an 
air bearing -surface substantial!? perpendicular to said first arc Seccn 
d active I avers, and wherein said second active -aycr has a second facir 
I Surface that lies in a different plane than said a:: bearing Surface. 
3. A tri - layer magneto resistive effect sense r as recited if, c : a i ot 2 . w b e 




4#g§2000-123325 



17 V-/ 



rein said first a c i i " e i a 7 e : 3 & i said 5 e c c a d 3 c t i r e i a 7 e r arc ? e : : c 312 g c c 
tic ; and said later a-cdiale [aye: i= formed of as eiectricsiij i q s s L a 1 i d g 
mater i ah sach that 3 spiD-sepecdeut t s n a e ! i n g p*encn*:encc at g c c z : : 'r. : 
cngh said intermediate layer when a current is caused is f ! R w . b ? : we e : 53 
id first active layer a 3 d said second active layer. 

4. A system for reading frea aoc : wilting to magnetic it e c : a ? s a i : system 
ccrapr i s 1 ng : 

a read /Trite head i a c I a d i g g : 

a write el ease at fcr *fi:io? data -c said magnetic media; a e n 

a ti i~ layer m a g a e : c 1 e $ i s : i > c effect feasor c c c p : e d w i t h s a i d w r i : e e e 

me a t including: 

a first active layer having a firsi interlace surface defined by a : 
l r s t width; 

a second active layer s ubs t aa 1 i a ! i y electrically isolated ffcrc sail 
first active layer, having a second interface surface deficeri by a s. e c 0 g 
d width that is smaller than said first width, the s e c c c : a c r : v e layer b 
eing Substantially electrical!? i dialed from said firs: active layer; a 
sd 

an intermediate layer locate? between said first active layer and sa 
id second active layer, said i 0 ic rmed I a : t layer having a third icrerlace 
so r face that is proximate said firs; interface surface and that i> oefi 
ned by a third width thai is substantially equal t c said first width, an 
d having a f c g r t & interface 5 n r face that is proximate said s e c « s i i s t e : I 
ace surface and that is defined by a fourth width that is substantia 1 !? 
equal ic said second width. 

5. The system as recited in claim *. farther comprising: 
a disk-shaped magnetic media: 
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, disk drift motor having a drive spindle upco *hict sale magneti: mi 
i a is Sopporttd f c r : c ; a : i g c ; a a c 

a sosptisics jjttta: sespsriing said read/*iite head lor mc=eme:: eve: 
a surface cf said magnet ir media. 

6. Tie system as recite: in claim 4. »btrtin said firs' act!?? ,a ? = : a:: 
said seccad ac;";»t layer are f e r : taiagat t i c and said : a 1 1 rtttt : ate ia?e: 

is f c raied cf an electrically in * 5 5 it iag material. 

7. A me .bo a of formiog a ugic teres: s;i*c effect 'M device, contprisic 
g: 

farming a first lead: 

forming a a Ml secscr. i c c 1 9 = i » g : 

depositing a plurality cf ia?e:s evei said firs: lead, iccl.d : ng a f 
iist material iaye: aid a second materia! layer :bai art s a b 5 ! as ! i a : \ 5 P 
»tallel to tack ctber and separates b? aa isternedi are icater:a : layer, s 
neb that a first surface cf said firs: material layer is electrical If en 
spied with aad substantial!! paraiie! :c said fits: ieid: aia 

etching said plurality cf layers sact that said first mattrral iate; 
and said s e co ad aa t e r i a 1 layer are safes : an: i i y e i ec t r \ ca = 1 ? rsciatea 

from each other: aad 

f crnlng a secoed lead electrical!? ccapled =:ib aus s» \% t ; e : ■■ a ! 1 y para 
lie! to a secoad surface cf said secccc material layer. 
8. The method as recited io claim 7, where i o said etching said pltraiiry 
of layers iacUdts etcticg through said seccne materia! layer and cu ; ? 
part waj thrcugb said iotermediate material lave: such that -a:d f:rsr it 
ateria! layer aad said second materia', layer are s ubi : an : i a \ 1 y eltctriea 
1 1 y i so la ted f r om each c : her . 
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5. The Eethcn a? rec::e: in c : a : rr. 7, * b c : e = s said first s-:;sce ^3? i f: 
: s i * : d : b that i 5 greater t h a c a s e c g c i width of said > e c c a d s o : f a : ? . 
ID. The met bed as rcci:ed 1 r cialrr T. therein said deposit: Eg s?ic o ■ : : \ 
I 1 1 tt of layers comprises : 

depositing said firs: materia! lajer; 

depositing Said i n : c r me: i a : e materia! layer over said firsi .xs:er-3. 
a ? e ; ; a o s - - 

depesitiag a second roaieria! iartr c?e: <aid intermedials Et a : e r : a " .ay 

er . 

11. The method as recited io c : a i cr 7. wfcercis forcing ;slc M2E sense fs 
rthe: includes: 

patterning said s e & $ e : layers a firs: ; I m c . thereby f c : tn i n g a « : a tee 
to said first iead. said via hcie beisg a: ieast parriaii; defised b? 3 
n edge of said sensor layers that * a s exposed through said p a i : e r o i s g : a 
nd 

depositiDg lead materia: i e t c s a : ?. via fcs". e. said lead maicriai beiit? 
in coatact wiih each cf said seas sr layers along said edge ci said S e n s r. 
r layers, wherein said cicbiag sa : i piaraliiy of ; aye:s etches a ?c-::on 
cf said edge, thereby fcrmiog said MS seasc: adiacen* tc a remainder e 
f s a i d e d g e . 

12. The method as recited ia c i a : m V. . further cciDD'ising etch : e g =5:5 '. 
tad material wti i ! e etchifig said pioraiilr cl -avers. 

13. The method as recited ie clairr 11 , wherein etch in? said iTaraiity c* 
layers coop rises: 
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■nfiiing said second material layer and o n i 7 a part cS said i c t i " • 
e material layer «ith:c cr i ; i i o g said first material layer. 
H. The method as rented it claim 11. herein etching the ? i a : a i : : 7 <f 
layers includes a use cf a ai-iayei resist tecbninne. 
15. The method as recited :o claim 13. -herein said milling sale se:ctc 
materia! layer includes parreroiog sain sec==d material ia^er to lure a 



(rent edge that is ?-ece: 



;ed f : cm a front edge oi said firs'- mater: a: .ay 



e r 



16. The method as recited in claim 14. herein foe bi-iaycr rcsis: :=cnn 
iobc c emprises: 

depositing a first phcts-es^si layer ever said plurality sf layers; 

depesiring a sccaed photoresist layer ever said plurality cf layers: 

patterning said first photcresi st layer and said Steed photoresist 1: 
yer U ferm a particular stractare c*er a portion c! said picratlty of \ 
ayers that is adjacent tc said edge cf sale plurality cf layers: and 

milling said second materia! layer aad-a part cf said intermediate mat 
erial layer near said edge cf said pleraiity o: layers. *.ic..i 
any portion of said first materia, layer daring said mifitag. 

17. The method as recited in claim 15. farther cemp-ismg lapping s.bsta 
atiafy in a plane that is substantially perpendicular to said first ma: 
eria! layer, said intermediate materia: layer, an: s a : - o second materia: 
layer, while sibstaniiaily avoiding lapping of said second materia' iaye 
r . 

18. A method for forming a ma g n e t t r e S i S t i i c effect device, conpr i > i eg: 
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fcrming a firsi s b 1 c ! i o c b Substrate. Said first s h i e ; : hi"::? 3 



fcrmiog aD 0 a £ c ; c c a ■ I a t c r cd said Substrate, w fc i ! e leaving a f i r = : E h 
i e : d s 0 : f a c e exposed; 

fcrniiDg a first iczt abc:e and ie electrical ccotact s < I d firs: > 

bieid surface; 

depositing a f : r.s ^ ma 1 e : • a I later, an i q • e r me a I a \ e tiateria; : 3 7 e r . ar-o 
a second material ! a 7 c r c?e: said firs: lead: 

terming a first active layer free Said first material layer. =3:0 fir* 
t active layer hi v i 1 g a width anc : fea?icg as edge: 

depositing a ccnoecting lead b a •/ i 2 g a portico r, \ a surface in « mrr e i i a : 
e c c 0 1 a c t with a 3 edge c f said firs- active layer, a 2 d fc a v I 0 g a second p 
crticn cf slid surface e ] e c l r i c a ; ! y connected tc said firs: : c a 5 : 

exposing porticas cf said shicla: 

r emc ? i 0 g pert i c b s c f said i a t c : ntc t : 1 1 e ma l e r i a ! layer t d f c * m an inter 
mediate layer having an edge, said removing being tarosgh a rilcsces? cf 
said intermediate material 'aye: t a a L is iess the a tc:ai thickness cf 
said intermediate materia: laye:; 
removing pert i cos cf said second materia: !a?er tc form a secern: a c t ; r 
e lave: having ac edge, having a wiith that is smaiier than said ffidts c 
f Said first active Layer 3 a d having a f a c '. a g edge that i : ? ; ; - s Dan? 
that i * substantia : [j perpes:icoiar • 0 said second active i 3 7 e : r 

depositing a 0 0 1 1 e r i c s u S a t i t g layer in immediate c c f: t a e : * : : r s = : ti e ri ? 
e of said s e c g c d active « a y e r and said edge c f said i 0 1 e r £ a d : a t ? i 3 ? e r : 

f 0 r ra i a g 3 second skied ever said secern active layer, a a c electrical*, 
y connected t c said seceH active layer; and 

forming 1 seosiog contact :ba? is electrically ccnnectcc to sais first 
shield and electrically isolated f r c rr. * a i c s e r c c : shield. 
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19. The method as recite: is c-aim IS. firmer ccmpr i t '. eg : 

lipping si:d firs: active lave: nd said Uttrmedii'.c ia?e: La a * : * Be 
thi: is substantia! :y per pees : ci Ui i? said firs: active !aye: : :c si:c 
cecend aciiee layer, and tc said intermediate iiyci . to it) -a a' f k 
earing surface in a plate that it s t as t a 1 1 : > H } diflcrer. chat a place : 
f slid facing edge c i said s e c c n s a c : i < e layer. 
3 Detailed Description ol Invert : cs 
BACKGROUND 0? TH E INVENT i ON 

This ioaenlcca relates generally :s magteric disk drive-;, mere pa:::ct 
! , T ! t It magDecoresistiu (MI; read heads, aid unit ?a : ; i c e I a r i y ic sp:s 
-dependent tianeiiag (531} read sensors aid itttfccds 5! aaiisg :ht same. 

Magaetic disk drives a re used tc sscrt ard retrieve data for digits e 
lectrcnic apparatuses snch as ccrtpottrs . In Figs. 1A aec IB . a aiagsetic 
disk drive 10 of the prior art LacSidrS a se»i«c enclosure 12. a disk i 
rive motor 14. a magnetic disk 16. supported for rcraticn by a drive s?i 
ndle SI of meter 1 S , an actsntcr IS and ar am 20 attached tc ao acetate 
r spindle S2 cf actuator 18. A suspension 22 is ceupie: at cat eid :c t 
he arm 20, aad a: its other ear tc a ieid/*ril« ttli c: transducer 24. 
Tht transduce: 24 typically i.cludes an insert^e write eSenreni «i th a s 
enscr read eleracut (shc*n in figure !C) . As the meter 14 rotates the at a 
goetic disk 15, as indicated by the arrci K. an air bes-in- if feme: ne 
4er the transducer 24 ca.si.f it ti lift siigfctiy cf! of the surface of 
the magnetic disk 16. nr. as it is : ernes is the art. tc ' ? i >- above the 
magnetic disk 16. Various nsignetic "tracks' of infeneatlcc car be read 
frcto the magnetic disk 16 as the actiatcr 1? causes the transduce: 24 t 
a pivot ia a short arc a iudicated by the arrows P. Tne design anc can 
.facture of nagnetic disk drives is »ell koc*o tc there sk :: :f«i in the a 
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Figs re 1 C depicts a c : n s s - s e c i : c na ! nt^ of a magnetic :es.i :e he a: 

24 including a read e'.ernen: 22 asd 2 *:ilc el soie n t 34 : Th ; ;* r ■ ? r 7 p : c a " 
iv an icducvive write c ! s i e n ■ . E jc y c > c d e i g s s cf the read e I » $ f. - : : 2 2:: 

the * : i : e element 2 4 define an a i : - b e a f i ag surface A3 S . a I : r r c . 2 c e • 
5, which faces the surface cf the ir.agac:ic disk 15. 

Read cleaient 32 include? a first £ h i e I d SHi r an : n : e r ie e d i i : e i e 7 e r 2? 
which serves as a s?vcrd s 3 : e : d 5 H 2 . and a f e 2 J secscr 40 locate: be-~ee 
a the firsi shield S 3 1 3 c d the * e c 0 o d shield SH2 . Read eieuier.tS c smncs 3 ! 
J make o s e c f a p h e s om e 0 c n termed 1 h e n a g n c : c r e s i s : : r e e f t e c 5 (MR E] . " l e 
re the electrical resistance R c f the read S e q s c r 40 c b a n ? e s s i ■ h e ? r s c 
re id as externa: csgietic he'd. ?nce as magnetic frisgtsg fie: ?:ct : 0:2 
g 0 e t i c disk 15. The i 2 c r e m e a t a : e i e c : r : c a \ resistance £ £ is d e : e ■; : e : b 
y using a seasc car rent that := passed tbrcugb : & c read s e 3 s c r 4 0 tc s =? 3 
sure the r c i t a g e across the read s e 2 s c r 40. The p : e c i s : c u and s e n ? : t : ? i 
ty of the read sense: io sensing the magnetic 1 : ! n g t e ^ i I u x is ceases as 

the ratio c. f A R/R increases. A i s c r large: resistances result in '. 3 : g ? 
r voltages measured across the read s e a 5 c r i 0 which. ■ l> : u : r . r e s •; . i : ? is 

greater e f f e c I i v e a e s s c f the read sense:. T 1 3 S . : : 1 i d e s : r a h ' ? U re a 1 
imize heth the cut put v c i ■ a g e and A R/R . 

Types cf mag c e ic : e s i s t i * e effects a:i "ize: i c the read seise: 40 inc.B 
de the ainssiicpic magn e t ore s i s t i ?e fAMH) effec: and ibe giant n-a ? : c r e 
s i s t i v e ( GMR } effect. A p a : t i c c : a r : 7 p c c : effec: i = : h e s ? : 2 dependent 

1 0 d n e 1 i n g ( SCT) effec:. w b i c r can be usee is an 5DT s e j s c r . A s c a c ir a : : 
c c f Such an S DT s c n s c r is illustrated b 7 the read s c d s c : 45 i ?. Figs** 1 
D . As is s h c v n . the S DT read s e 0 s c r 40 can i n c : u i e a : r i - ; a j 1* : . s c- m e t : bc 
e s referred t r, as a : : : - 1 a 7 1 : t u n d e 0 s c ■ i c s . h a t in? a first fcrrcmagce 
tic IFM; I a ? e : FM1 and a scccou ferromagnetic lave: F\:2. T^icb arc sepa: 
a ted by an insulatls? iaye; INS- These )ajers are crier tec su bs 12 c ; \ z '. ! 
f parallel :c the shields SHl acd SH2. Thcs. when the ? ^ r s e c»;::er. ! ! 
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S ioicatd ic :iie SjT read sender M between the shield: Sni 3::; 5H; . :: 
e currcol cas trav*; s k b l r a n t i 3 1 : y perpendicular tc the iarer; FMl. TV; . 
and INS. ic o : b e r *c-ds. the SDT read sense: csrj cperate it; csr-e:: P £ . 
rpeadicular to piaae -CP?; mode. 

la the SDT read sensor 4fi. ins f e : r era 3 g n - 1 i c layers FUJ and FMj can s: 
t as c:cc-rodts between *hicb the sense current I passes tbrscgi: :n-2 :rs 
Elating layer INS. vfcicfc is sometimes referred :s a- the tucnci bsrrier. 

Tftc relative directions of the mi g t e ! : 1 a i i C c S Mi and M2 cf : h ■ f ^ : : ? n. ^ 
gnetic layers FMi a c d F:v2 . r e s p e c : 1 7 e i * . can be infiacacec b> cx.c;:*: sc 
agnetic fields. i.fce:eby ciiaagiog the y c £ : s 1 1 a c e is f the SDT read sessor 4 
I, which can be detected *iih the sense current i. Hnrs s p« c i f i c a ■ y . * 
h-o the magnetization cf ccc of the f e r rcasaf «c : f c layers is ami-pars! Is 
i to that cf the ether f e r r exag oe ; i c layer the SDT effect resells in a b 
igher resistance aercss the SDT read sezscr. *:th s Ictst rtur.Jice bei 
ng experienced when Ml and M2 are paraiiel ts eacfe ether. Typically. S3 
T read seasois exhibit AX/K cf cp :c I? 38;( and cctpu: s tages higher 
than 13 bT, *hrcb is higher thaa that produced with n J ether types 
MS read sesscrs. Thus, yhiie advances ic magnetic disk and drr-e teebfi 
legy are reselling it magaetic media : b a b a • e ^ncrcssisgiy b:gner area 
density, corresponding increasing read seoscr performance seed? can he a 
ti by the higher AR/S an: higher eg:?:* vcitages cf 5P/T read i-sssrs 

The SDT read seascr 40 can be formed by successive dep*s : r 1 <; n over a f 
irst lead (here the fir?; shield SHU cf different materiais ic fern: the 

first FM layer FMi. the insulating layer INS- ass the secesn F>' :a>e" F 
M2. Because the SDT read sense* is operated in CPP node, 'be AH/R is p 
articular!? sensitive :c tbe interfaces beiweer. the iaye'S cf :.r.e >DT re 
ad sen s c r (interiayer interfaces) . To picvidc iner'ayer ; c t e - ?a c e 5 
b minima; p 1 0 h c 1 e s and imparities, and therefore nigfcer £Jt/B. . TV2 
T 1 0 d INS can be successively depositee in 2 c 0 e - p amp- cc*r. proceis- 
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Tbc senior 1 3 7 c r c 42 3:5 1 h e n etched nslcg typica'. cre-rsj&e* c Urn: : 
he FMl , FM2 : aid INS . cvr vhith a seccn: lead. here the s?;cid : I i e £ 3 
H! , is depcsi ten. S^cL etch; a? is nee-iei ic pre? id t satiable rcH scstr 
r dimension ccairc. ic race: increasing;? high magnetic iceita area t! t s 5 : : 
its. Unfortunate!*, if tae etching is perfcrnca after a ! tltrec nuteris 
is have been depesiren in 3 0 c e -p B&p-dc*n prccess. material *:icb :. 1 s 
e a c e c h e d a * 2 ? f : n ga j a c of ; fe e three I a j e : s can r e d e p 0 = : : c : tbc c s 5 s e ;- 

remaining pertiens of the cite: liters [aicsg the sidewalk 41). This 
can often res a! : in ;se r cs epes : ; i cs cf peril cos 01 -he firSL a r, c/c : sec 
ond f err omigee t : c 'avers such 1 h a t at undesirable e 1 e c t r : c a : path. 0: si 
c r t ciicaii. is fcftec between FM! ar.3 FY'2 alcng the side*?!!? . *"::* 

?aC8 a sbcr: circuit path- the SDT senfc: 40 roaj 05: effective!/ procjc 
e the s p i n - i e p e d q e n : nonfiling phenomena, and therefore e s h : b : ; * reduce 
d seasc; effectiveness. Tfe e c : e i i c a I i ? . she:: circuits tenia be njininiieed 

tkrengh the use ef complex. expeDSL7c. aari/cr : imc-cens omi b£ processes 
to limit socb redtpc' ; £ :se . hsrtve;, this wcoi: nr. be c c s t - e f f z c • i - e Is 
r cemmerciai production c? SDT re a: sensors. 

Later in tbe fabrication urcceSS. !ave:i c f ;he SDT sr. s 5 c • (0 5 r e 

tapped substantially p e r p e e d i c u I a : ! 7 t c the tenser lifers M 1 c »* 5 : «: ire 

air tear Lag surface AH 5 - Do I c r t u t at e ■ 7 . during ills process, materia! 
[rem a facisg (g; [rent) surface U: edge; cf cce of the v 3 *io^> i s 7 ~ : s 
can be sheared c?er the ether layers. i I the rcsteriai free FM; ici/c: F 
M2 is smeared between the t*c layers, such materia", esc a'so f c r sc 51 
e s i r a b I e she:: circuit pa r b between then:. F c • : fc e r . as the r e a il sense: 4 
0 thickness H becomes increasing:! smaller, tn a r c cmrac : a : e feigfce: ares d 
entities, FM! and FM? may beccme closer together, ihercb? :n:rea? : ng the 

likeiibcnd cf smearing between them. As cat be 0 nri e ; s ; 0 0 'i by -hose s fc : 

Med in the art. tbe problems edge : e i e p c S i i : c r ate smearing. e;s the 

ir concomitant redtciiens in read performance, can a ': s c b c c fi«: ■: s s t e " e d : 
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o the fabricaiic:- c! cthtr read senscrs >ha: operate :n CP? nit. 

Therefore, is premize the benefit; dI ibe s p i c -d c p e : d e c i :t:r£::n? el- 
ect in a leau sens •-; i - 3 read sensar aa: a rrctocd for Eak::s£ the s?i-: g*u 
desired which have a high decree ci iaterlaye: interlace centre: 
avoiding the f c rtn3 l : en cf sbcr; circui* paths between c c n d c c : : ia^c:: 
cf the read sc*?c;. Also, i: is desire: that s u c a a rear ?e:*cr i» fst-r 
icated Itss expeas.i^'j and more 2 u ! cx : y *hiie c s i n * c^rrert res: sens:: 
process teehooiDgics. Farther, to rteet rncreasiDgiy Ugh?.; srsgnetic r-e 
dia area d e d s 1 1 y , such a :eac sense: is desire: tc be fabric*:*: *::fc t 
high degree or read sense : s ;m« ns : cr c octroi. 
SUMMARY 0? THE INVENTION 

The presea: invent ice provides an SDT read sense' and irerhs: ! r, ; sr-s k : c 
g the tame that provides bigser performance Thiie s ! m 1 t a is eo 2 ? i : r : i 1 2 i 
iess costly and less c cmp i e x fabrication processes. : >. accoitp;: 

Shed bf providing an SDT read sensor having sb bs t an t i a I ! y nc shcrt circe 
it paths betweca the t*c fc : rcnia gnet 1 c lasers, and tra? ; ? fcrmec fey a is 
ethod that iavcives simple and f c ? e r a : i 53 s . 

According eg an tmbua line e 1 cf i he preset: ;n?en: : G?. a trt-lsje: Ksgae 
tcresihtlve effect sensor incudes a firs: active laye'. a seccad art:^e 
iaycr, aad 10 i 0 t e r klc d : a ; e iayer located bet*ee- tbf * ; :?t active ;a?e: 
acd the second act!?? layer. Ad 9 3 e L age ou s i 7 ■ the f:-s: acri-f. arer ; b 
sabstaatiai It electrical i J isciated f r ste the Sees ad act : ~? ii}*f:. thn 
substantia::? a 7 c i d : c g an electrics 1 sbcrt circa:: between the - rs: a:: 
i?e layer and the secend active lajcr. Id a particular ercbed -ire r 7. . tfe- 
first active layer has a firs; interface surface Q e f i d e d fey a firs: *• d: 
h. the second active 'arer has a second in:ci:acc striate cefirec b? 1 = 
eccnd width that is sraa ' = e r tfcao tie firs: width, a a d the i t : e r«?t d : z : s • 
ayer has a third interface surface that :s prcximaic Lnc firs: i::e;:ace 
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surface and teat »« defined 37 5 'bird width tsat is s 5 b £ t a c ; : .g ! 

[ to tie firs-. »id:i:i Farther, the i 1 t e rmed ; 3 r f layer h s i a fc- : 

r f a c e s e : f a : e that is prcxixste the s e c c t i interface Surface 1 r. : : 

d c f i dc d b 7 a f cert h width that i 5 s u b s : 3 n :i a i * y e 2 0 a . : c c h = s ? : c r d * i : 



Is another esbcdimeot of th? presea: iavectlci. 3 Ejsie* fc: readUg : 
r e ai a □ d wr i t i c g is magnetic b e d i 2 includes a reac/write head : 3 c • s d : 2 g a 

write eleven: fo; writing data is toe m a g 0 e r i c media. 2nd a ;;l-.sjt: z 
agaeio resistive effect [MSE; ieoscr. as described 3 hct e . :? a: i> ccL-pie: 

vitfc the write element and use: for reacts* d a 1 3 Kcni rh? magnetic m?d: 
a . Is s a c b a s ? £ i c eg . the 1 r : - 1 a 7 e r M 5 H s e 1 s c • presides g * e a i e : ? - e c ? > : c 
a and sensitivity i d reading d a 1 2 . is a p a : : : c e I a * aspect e ■ e Is e i n " e : : 

i 0 o . a first a c : i * e I a y e r facing surface and an i z : e ' in e i '• a I e " a y e r f 1 : r ; 
g surface cf the t r : - 1 a ? c r MUE seas-C" are s e hs : a ? t i a ! i y in z tame p. ace 
that provides an air bear i a f Surface . *hi;e 3 second active a " e r facing 

surface lies in a different plane, 
f n yet another cm b n ti i me 3 1 g I the preset: I £ ~ e n : i c 0 . a it e : h c a I r. ; ! c : e i 
og a magne teres is i i vc cffeci OlRE) device includes f5rx : n.7 3 If r 5 : i e a d . 

forming ao MRE seaso: electricaiiy ccepied w i : h the firs: "ead. and a s 
eccod lead t b a 1 is electrically ccupicd * i t h the MRE ser.se:. Tec MRE se 
nscr ificluass a firs: active iayt: easing a cute* ??r??:f thj: :> 

electrical iy c c n u : e d * : i h 3rd substantially p s - 2 ; j e : - - -re firs: leas, 
and a s e c e n d a c t [ t e i a ? e ? ha* » a g a s s c c n d 0 e ; e : Surface : h 3 1 : s e " e c l . : : : 
ally ccnpled with a d c substantially pa: a lie! to the sc;c:d ! ea: a r. d r ? a ;. 

i? separated frcm lie l:FSt active iaycr bf as :cic?sed:ate i 3 7 e : - Ir 
additicn. a ^ i d t h cf the Mr*; active !ayc: is grea:cr tsan s t i d : r: c: : 
be s e c c c d act i v * layer. Further, an e '. e c : r i c a i path c 1 i s : s b t : » e r tic- 
first lead and second lead, that rra^eU substantially ; pe no : c a i 2 r i y : 
h r 0 u g h the first active layer, intermediate layer, and second 3 c : ! t ! a y 
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er - 



Preferably. the } c r rr 1 n ^ c i 



the MR E s 



e n s o r i r: c 1 5 d z * 



St materia: layer. depositing at intermediate materia! '.z;q: r^e •: 



intermediate m 5 1 e : I a i layer. The second material : a v e r ant! \li ir.'ers:?. 

diate materia! iayer are etched. with lbs etch id? bei:£ 5 topped b * fere : 

be etchiog etches 1 h e firs: mater • 2 i ia/er. 

Fee varices c robs d :-me c : s cf the present invent i en enable the reed in; 
magnet i c media 3: higher pe : f c rmao*; e " c t e ; s . Fan her. thtse ea"5Btafes 
are gained s h i ! c m 3 1 n t a i n i a g ; c 7 nnrufaeiuriB? t i ^ e . c c s : . a e d c 0 .m p i ? " i 

t j . Mere specifically, the v a : i r e s e si b 0 c i id e n t s c i r h e p r e s e n : i c ? e n : r; - 
preside (cr a CP? mode read sense: ha^in? J - u bffi i c r c 3 ck€ t ? : c s that :2' 
be formed quickly aod i r e x p e n s i v e [ y . Evcg rasre : pe c : ! i c a ! « > . a SD'T .--a 

d sensor is presided by the raritm exbcci meats cf :be press n: i aica : ? r.'n 
In some eaibcdia-eots . a method fcr fi;-m:nf the rear! sec^r re suits i 0 

Substantial ly nc undesirable shertiag between layer? ci 1 he read sensor. 

These and c 1 1 e : a t v 2 2 1 1 e e s e i the present i r ? e n : : c - * i . i t> : 0 me a ? ? 3 - ? 
nt tc these ski ilea in the srr apes a 7 c 3 i : n ? ci r r e f c lio^ieg iescriati 
dos c f the i n v* e d c i c n and 3 s r 0 0 y of : i: e s c ? e : a \ \ 1 % n r e 5 <; f the d r a w i c s - 
DE TAILEU DESCRIPTION Of THE EMBODIMENTS 

Figures 1A-1D *e r e described previa;!/ \z a diseases q' the ?: : e-- 3 
rl. F i g n r e 24 depicts 3 MoTciar: c! a fabricator method 50 fcr 
g an SDT tenser according tc an ctnhn : i me c t -) ! ifce preset:' : : ,! e : t i c r. . A? 
t e r p r 0 t i d j n g a substrate in operation : 2 . a firs: shield 1 f c r m e d c £ t 
he substrate in cperaticc :4. While crre* materials cat be used, the ss 
bstrate cat be fcrmed cf 5i, while the first sbieis is iorrrr- c\ NiFt. ' 
cr example. The firs: sfeieid car. be I c -ires it opera: "ice 54 r. h r s s ^ h a 57 
a p p r c p r i a l e method I n c * a t c- these s k i i i e d is the art. etch 5 s p . s t i r ? . 0 



r s i material 



layer, and then cesnsitiGg a secccd material i*yer rt = 
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r film e e a g ; i t : o a isllcie: by eicning it the f o : sn 3; ior- e 3 
amp; e . 

ic operation :-6. a asderc;*: , 2 j s r is f crme d over j 5 e subsrra:? >; •' i 
in depositing e : e c : r -I c a ! ! y I is c I a r rag material over tee ? E t- .? 1 r s : « : 
lie firs: shield. Tbc eacerceat lave- t83 be -oraicc cf naterta's ?s:h f ; 
A, I°J' AiN = 0: 3:o 2- Th{ ""rcaa: Save: is tbts preierab 1 ? &larariied 
ihrosgb a kDCTa pre^ce;- saet a; caex: ca ! -aechas : ca I pclishln? (CVf?) . ex- 
posing tie first shield 12 the P'ccest. .A firs: lead is f 0 rnre d tboc ib 
e first shield io Costarica 5?. This firs; Uad can be !.-r«ec 5 ? , 
able cooductire material, s cch a- Aa. Cu. 0: Ta, anosg others. While <i 
ricus processes cas be used to fern tee firs: i e ■ = . it one p-ccess a isj 
er of lead materia! is :epcs : tei eie: tie fin: sb : ei = and eedercoat la? 
er. The lead Bateiia! is thea etched it fore the firs: lead csisg Lac:*:, 
method; Each as ion Killing in ccajencttci *IH a parterres photcresis. 
layet. A 1 te r aa t i Ye 1 v . with appropriate me d i : i c a t i c 0 c< ; fc e beie^-descr 
ibed operations, the fits: s «, ; f ; ; ca5 6?e:aU l? t ; ea i. vittc:! the add 
i t i c a c f the fits: ! e a i -. 

(a opetaiicn 60, a cccaectio; iesd is formed along *::S at MRS seoso; 
iairiD? a first attire layer and a secoed active layer that are stbst 
alij electrical]? isolated f rem each other cx:ep: tlrasgj a 
e layer betweea the :»,. [ - operation 6$. , se:CEC sfc : e:i = - . c:B4j 
r the secotd active iaver. An«ag ether appropriate method?, :he setosd 
Shield can he formed kj depositing shield zateriai over the v'RF. ; s -= s 0 r 3 
nd then etching the s h • e ! a material *i th a U«»c process such as id 
liag «hb a patterned photoresist mask. A jessing contact is formed : .- 
operation 64, and is electrical!? cooaectei :t the firs: shield M.-ilc bt 
iag electrical^ isciared from -he secctd shieic. 

The formation c! the conaectiag lead and .VSH sensor in operation SO 5 ? 
Figare 2A it farther detailed in Figure 28. Io operatise "2. firs:. ;e 



3 .*. . 
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ccad : and i g r e ret t i \ a t e e 3 : e : is! \z?i:i are d e p c s ; : e c eve: ::-z f : : 5 : "e^ 
lo form 3 tfi-iafer. A I : h y s: g r -bis d e p ^ s : t : c 2 cat be p r. r ? o r Ti e g : r. .«r! 
oas sc:tab!e knewe m € t D c d S . I: is preferable thai a'i three ; 2 > ^ : 5 c-e 5 e 
posited i 0 a c 0 e - p s ra p - ri c- * n process k 1 c if 1 t c these -with ski:: : r she a . : . 

Using such a process cchasccs the icteriayer interface* between t'n 
rce layers by. for example, mi n ;ra: 2 : ag ;fce inclasicn cf igrp: r 1 1 : e s ci pi 
n he I e s i a the i n 1* f a c e s . Sect a process i = preferable b e c % 3 s * •: !i e n: 2 g 
octoresistive ratio ( AR/R; . anc -hcre^re c>eral! pe:f«:a?ace f c: ; h e C 
P P read sense; is p a : t r c a i a r ! ? s z a i ; i v c t v t i: e s e i r. t e * : a ;r e r interlaces. 

Tc produce a spio-cepenriest tenntiieg ph 1 8 oore 2 a : . the h f sr a a c seccn; 
materia! layers a'e f 5 r r ama gee t i c . *aiie ilie intermediate ^airri*; la:* 
r is fermed cf an electrical : F i s s a I a : : n j m \ e r i 2 i . Fc: esasnp'e. ilz fi 
rst aad second materia! layers can be formed cf NiFe. CiFe. Cs . it. 5: d 
tier feircffiagoetic materials, Fhiic the i ■ :e med i ate cate' : 3 : later C2C 
be formed cf i^&j- 413, BN. \~:Q. S:. S;C. er ether icsalaring materials 

Also, while the first and sec end mater iai layers a'? ? 3 r h ft r a r ; > e of 
abcat 1000 attfStroas te abest 2 0.00 0 3 3 g s i r 0 ,x 5 thick, the : t : e : w.t i : a ; e : 
ay c r ihicioess is in the range cf abtar 10 aogstrsinJ tc a b c e t 20 anjstJG 

HIS . 

A via h c I e is etched through the tri-iay:: it- tre first * a ri in eperat 
i g a 7 4. The via h c " e can be etched in soy appropriate n z metres ? : r 

as i c n ra i ; i i o & : h r c a g h a patterned p b c i c r e s : s : layer. H c w e 7 e r . p- ; e : « ; a 
b I j , the via hole c a g be e ; c fe e r n s I n g i c n ntt'Mngihrough a b r ' 3 7 f r r e ; 
ist stricture thai is appropriate' 5 p 3 : t e r 2 e d achieve a desire? vi 3 g 
(j I e shape. A b c : b e r via h c I e a i E g can be etched t h r c u g h the -r r i - 1 a 7 e " r r 

the first lead, in this or a separate cperaticE. at scroe d ; $ia[}c? a ^ a y 
from the first via bcle. In opera lice 76. the- first material layer is e 
t c h e ri t c form a first active layer * i t h an edge. The etching c ; t; ? e r a t i 



BEST AVAILABLE COPY 



^^2000-123325 



31 V-y 



ob 7 6 can be perls rarer s: lie sanie • fane as ;hc etefcieg oi cpera::*:' 7i. 

D s r iag cperatica 1 6 , r!i? sercod and : o t erne e i a t c m a : e r : s ^ "s"ers c*r s 
I s o b € etched, thereby e i p c s lag edges c ? the s c c o a : a e d i g t e r n- - d i 3 : ? *n a : 
erial layers wli i c r . l g f e I fe e : * : : fc :te first a c t i ? e i a y e : edge, f c ~ r: a =: 
derail. Sedepc? i : i en zzr. ccccr scriaj tiie c:e*isgs. Such the: :he !:"-«" 
m a L e r i a : layer a a d s e c c n c x a : e ; I a ! 1 z * e : are e I e c t : i c a \ \ J c c a n e c : e i s ! c 
Dg the side^s;:. Connecting lead m s : ? r i a 1 is depssiiea : ? : i the 7:3 
e in operation 78. T h : . S materia": can be fcirsei varisas :^i:ab'e cose" 
n c t i ? e materials. it a d d : r. f c n ? hard bias ro a t e .* : a i s , saci as h:g;-cce;c: 
v i 1 7 CoCrPt. caa be esec :c a n s i : I q f- a I i 5 pr«*iie biasiog n f ibe res: sen 
so: layers . 

Id c p e r a : i c n S G . the second m s 1 1 r i 3 i f a ? e r : » e : c t c d s g 1 c f 0 r e & = 
ecCDd active layer with aa esge r *h:;e :hs 1 2 1 e :*ne d : a : e materia! la"*: i 
s etched 0 a 1 ? p a r t * 3 7 ! h ' c 0 £ h a 1 0 : 2 I t h i c k p e ? s or the i 1 1 e : a*, e i i a : ? s : 
criai layer, thereby forming an in-cnnsaiaie layer havieg an edge. This 

etching removes material a: the edges cf :he seccrd active : a y e r and 1 n 
e i 0 i c/med i a i c layer sack that there Ih s a 3 5; i a a : i a 1 ! ; c? electrics" c:n: 
cctica between the first acrivc iay?: arc the secern a c : i v e -ayer at the 

sidewall. Operation 82 i d c : u d f s eeposiring an insclaiicD ayer r;er ih 
e scccad active layer edge anc eve? the i a : t rmed i a t c '= a y c r edge- U rhl 
s »ay, wb i ! e electric ccr-ent can pas? ber-ees :he firs: a : : : v e aye: a: 
d the Second active i a y e : : h : c u g h the intermediate layer, the s e c 0 : : s c t 
i?e iayei is s u b s i a s t : a i 1 7 elcctrica* - y i^isies freir :tc «c: ! 

ayer. g r . in ether ^ c r a s . there is s u b s ? a ?: : : a i i y d c s b c : 1 circa:; ? a : t fc 
etseeD them. 

Figures 3 tk rough !! depic: an SDT sense in acccrnanrc T;tb ac crcb^-i: 
neo: cf -he pre sen: id tec lion at various Stages cf fabrics: : r ; -n . i.:icg 3 
mctfecd acccrdiag :c an c mbed : me n i cf the presest i d 7 e s t i c n . Figure JA a 
q d F i g a • e 3 B depict a p ! a c » i c ■* a d d crsss-secticnai i e * • * e S P f. c : i ,; f . y . 
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ct a substrate :02 c c v e r e a b? 3 first s r. : . ? ; d I n | aR d a parf:;^ r r ^ { .- c 
oat layer 105. The febsrrare 102 cat be formed of a a J a p r c - : : 2 e r r r - c 
c 3 d 0 t : v e material s;:h a- siiiccr c s i d e . The firs: c h : e i ri iO- is : r r -n f 
d cf any appropriate magnetic materia! such as NiFe. The * : irst <: h : e ^ I 
04 can be defined by any kno?n process such as applying 3 ? a r r * - n e .-i ohr.- 
cresist layer D7 er ike sabstrat? 10? and then piatin? ihe firs: c h : e c rr 
ateria: catc the substrate 1C2. A I i e * t a : t ve i 7 . 3 ?:•£» s 5 ; e ' 2 n?a:er ; c" 
can be spattered onto the Substrate 102 aoa then etched usia? ion ir:i;;r 
g. The usrierccat laje: j D a is rcrrse: bj depositing unde'eca: rr 3 : e * : s * 
such as A I 2 0 3 . S i C 2 , cr ether appropriate itstiatin? materia;, an: thee 
p I a q a r I 2 •: d g the -iDdercoat iraieriai tu expose the firs; shield 134. The 
piaDari 2at ice cf the undercoat materia! can be achieved c s ; t g CMF prccer 
ses. cr c t & e : appropriate precedes k q c * n in the arts. 

Figpres 4 A and 4B depict. In p!ie and cross-sect = caa: » : e* = . respectiv- 
ely, a first lead 105 termed c?er the firs: shield lU. The first ieas 
108 can be formed of Suitable csaductire materia! Such as ?cid . ccd 

per [Co}, cr taataium (Ta} . Furrier, the firs: ; e ii J £*g car be det'inei 
by tfee depesitioa cf a full fiim cf the ieac in a : e * : £ i relieved b? etcrin 
g sacb as ion Killing. Figures 3A and 5B shew 3 spi B-iepeccent 1 5 0 - e 1 in 
I CSDT) multilayer 110 cseriyicg the first < h i t : d I D 4 . the piaearlzed 
dercca:. layer Ids. aod the first lead 108. As depicted :c Figure 5B. tfc 
e SDT ro 0 1 l i i a y c 1 110 incicdes an 5DT tri-iaycr !)2. ab-v C an ant:- 

fer rc-iBagne lie 'AFM) ;a?e: 114. and a cappicf layer 110 '; [ t . ?•* SDT :ri 
-iafcr 112 ieeUdes a firs: magnetic layer. F.Vk is contact trie p i 3 : : 

arized undercoat layer 105. the first shield 104. aoc tbe firs: !ea;i 10c 
Id additieo. the SDT t s : - ! a y c : J J 2 igciuocs a Second f c rr D*agn; t i * ; ? 
ver FM2 , which is separated (rent the firs: f e : 1 emag d; t i c iave: FMi b< 5 r 
i 0 s b [ a t £ c d layer. INS. h such a c c s f i g 5 r a : ; c n .. iht AFK ? a > e : fcrcti^n 
s tft pin the magnetization of the see end f e r r omag d e t i c ; a y e : F>!2 . *<t:c& 
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is. therefore, a p ; □ c t : a ye : . Wk i i e g t h e • prccesset can D : z it • 
rably the 5DT mc ! : : ! a r e : : avers art spotter deposited s ccc-35Tij-£?^: 

f a s b i c o without L : e a L i 0 g : L e ? a c 1 m . 5 d c a d e p c s : t i c 0 :sn p : c d : .: e pre.': 
rabie inter i a 7 e r : r. : e r f s c e : • 

F i g a r e < 6A aad 68 depict a patteraed b : - 1 3 7 1 r photcresis: ;20. *e ! i 

as a first via hs'c HZ gr_d a stcord via bele 124 *bich are inm:; i ; c 
•ching thrcBgb ; h e - p*a : t e f a e d b i ^ i a c r phctcresisf 120. Iris : 7 p j of b : - 
layer phctcresisi c 5 0 • i gn r 2 : : 0 q aids l&e ren-cvai of the phn:cre^i>::-e 1 
a t e : i a 1 after bars !) i a :* tn a : e r i ; : is depositee, z i described b t . ?, t . The 
patterned b i - I a y e : photoresist 12 0 can be formed by a 3 y s : i : a ir e k n r i * : oc 
e t h 0 d that r e 5 a ! t s Id the s : € p p c d p a L 1 e r a i t h u a d ? ; c a : s n : t n : r ? i ? a : e 
6 B . Fc r example, a J : r s 1 p I c t c f e s i * '. i a • e r 1 2 6 can be d e |> ? ? i : e r n " e : r h 
e SDT mo 1 1 f ! aye: 110. eve; whtcb a second pkctsresist iayer l?.S is c^pes 
ited. Different materials can be cheseo lor t § c f i : = t p b 5 l c r e s i s : layer 

12 6 and the 5 e c 0 a d pfeGiGresis; layer 1 2 S . s a c t : b a : a p s 0 expesnre, t h z 
m t * c 1 a 7 e t £ react different!; a 0 ; are r e rr c v e ri a : c i : f e : 1 2 : r 1 k e « from e a c 
b other . With the patterned fci-Iayer pi 1 t c r e s : J t 125. is: mii'in? fcrsc; 
the first iia hc!e 122 and 5 c c c r -i via fc i e IM th'cagb the Si)T me ! i i : a 7 e 
r 110 tc expose the firs- lead 1G&. This etching aisn expose? a.iirst s 
i d e w a I T (cr edge) 125 atd a second side^aK Cc r ed??/ 1 ?. 1 ci the SDT nss! 
ti layer 110 that form perries; cl t h t boasdarie? 0? firs- 5:: sec^r: -*:a 

b c 1 e s 12 2. 1 2 ^ . respective!?. In a d d i 1 : c n . a t [ d t P. W ■ c ? a r- r • : c - n f 
FM1 that lie? between the firs; and Eeccnj via Lees 122.124 : -s deliren. 

A i t e r q a t : t e i y . an i m 2 % e reversal p : t c c 5 5 can be used t c f c : it the t ; • s t 
t i 1 b c I e 12 2 and the second via ii c ! e 1 2 1 . T h e S . a : : n i s p c : a t i r t h ? : a 
bricaiicn. frcn- 3 plas vie^. the pattertei bi- aye; phcinreci-t 11$ ?nr 
e 1 p q s c u pert i c o s c f t k e I i r ? t = e a d i 0 h far. be seen a 1 depicted : r F i 1 1 r t 

8A. The remaining pcrticn cf FMi terras a i i f b t active iayer. 
F i g 0 r e s 7 A and 7 B s 1 0 * re a : e r • a i depesi :rd i g 1 r, the firs: v ; a \ t e s [t 122 
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and ictc the secccd v •; g hcie 12-1 ic f c ; rr a hard bias leaa. or ^rrccczitg 
I c s d . 13 2 and a hard b : % s 131. respective:?. While the p s : -. • ; & t s :■ : - : s 

jer pbctcres ist 120 is in piac-. airrinz tee depc>i:icn cf the h a : 3 b : ? i ! 

eaif 132 and hard bis? 134 mare::?:, after this n s p 0 5 : t : c n the ? : : e : r ? : 

b i - 1 3 f e r p h c t a re $ i 5; t 120 is r e m n ? e d . Tnos, in plan vie* T a; c 1 a oe :-e:: 
in Figure lA t the top e( the ST3 nsiti'ayer lie, cr the cs?p:dr :ayer : 

1 fi . can be seer a 1 n w : t h the hire b ; 3 « : e 3 n I 32 and t h r. h ? r f b : * ? 12:. 

At can be Seen in Figure 7R. the hard bias lea: 132 is c c n : i <■ u c s ? 
the SDT t r : - ; a 7 e r 112 aienff the first SideTa!; 125. *h i ; e the ha:: bias 
13 4 is ccatigccts with tne SDT tri : a y e r a I cog the sec esc Fide**"' J 2)-. 

As is sboTQ in Fibres SA and B ii . the SDT rac 1 1 i i 3 re r iH is erched. : * 
ereby defining a shape cf the first f e * r crca g ne : i c lave- Fxl . iga : n. *h •: 
S etching can be pe r : : G f ^fd Titis iac*n processes 5 5 c s a? t fee s $* c- pnern 
resist that is patterned and thee nsed ic cenjunctien Tirr ic-t rt : '] : ng. 

Altbmfb oct shews ic Fiacre 5i*. crcer 5 : a e^s 1 i ? cf the S0 T its * : i a v*c r 
are fcrmed daring this etching. Alter Ikz etchiaz asi rem; 73: a! any a 
?ed phcrcresist, Figure Si shows rfca? in p 1 a r, T ; eT the ► ? : , b :.- - p ^ , 
$2, the fears bias 134, the onper capping .are- cf the $DT • r : 3 7 e r 1 i G 
, the firs: shield 104. and the p ! a a a r i z e : u n e ' c 0 a t a 7 e r ! 0 « can be $ e 
e q . 

As is depicted in Figures 9A aad 9B. arcther b: lave* |>hc:ere* 5 s: =2: 
is formed over a pc::icc c f the SDT m u * t i . a v e r 110. a portirr of tb? ba- 
rf bias lead 132. and a pert i c □ cf the firs- shield IN. #:!h : n • b; :a- 
er photoresist 133 in place over the SDT raaitilayer lit. the 52! msl::':i 
!« r 1*0 is e:ched. for example lj i 0 a ntiiiiag. By tsicg ;ne fc:-;*ver p* 
etcresist 135 ever the SDT multilayer 110. cr ether sitilabU meliiid. 1 p 
ere i on c! ;he SDT ic 1 1 1 i 1 a yc 1 I JO remains intact. « h i i e in ai' t htr 3 : c 5 
s. tbe capping 116, AFM 114, and FM2 layers are r e nt s > e c . exposing :rc JX 
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5 laje: . 

Figure 9C is an enlarged »:e^ i o::oc.' illustrating the r e « c ; : r; : h j 3 
etching id the area cf the 'if:-: aad Secoad sisevalis 12; s j 5 «27. IV b 1 ; 
e toe firs: a d d s c c c a c 5 i a e » a '. ! s 125 aad 127 are shewn * « e s e m p * : f > tic 
results c? the etching, cf course similar results are a c : i e ~ e : is : b c z: 
eas of the c t b e : Etrie^aiis cf the 3D? nulitlaye: 115 t "5 s : are zz: 
iq Figure 9C. Doe. y tte stepped arii uadercu uatce cf the bi-ia^e: 
otoresist 135 fcrmeri abeve lit SDT an ■ t : : aye r . portions sf .1 h e capping. 
AFM. and f erromagce: i c layer FV'2 b s : * c c 2 ifee first ard serene s I o 3 i i s 
12S T 127 remain intact. *:th that ucrticn cf FMS that rentain? f«;m:cg i 
{ c c c a s active layer. As can be seen i 0 Figure 9 A . the s e c c n d j c : : * f e ; s y 
e r then has a facing 'or free:; s □ ? face ; c : edge; 125 t b 5 : ' i t s : 3 z b c b 
s t a a t i a i i y different p ! a a e than t h 1 : c f a f a c i c g surface 12" c f r. fe e firs 
t active layer . la addition, the e t c h : & g is halted be fere etching lb 5: 
c c m p 1 i s h e d through an entire thickness 7 c ( the insulation : 3 7 c : . i X S . 1 
be reoiioiog port ! c c cf which fcrrns 2Q \ o : e ; nee : i a : e .-aye*. Ths?. b e c a a s 
e. t a e FM I layer is 0 c : e x p c s e 3 daring the e t c a 1 d g . : h e ■ c c a n b * s a b s : 3 o : 
iallv do redepesitien c! etched FM2 man* ;!ai A. at ecu id conn-:: the FM1 
and FM2 layers. In this *aj ? *hiie e ; c c : r i c current caa pass b e : * e e n lb 
c fiiSi ac:i?e iayc FV I and toe Sec»;cC active layer F.M2 rfercegb the int 
ermediate layer INS : the srennd active : a y c r FM2 i = s a b £ t a n * : a "!• elect: 
leal 1 y isolated from t \ e f i r s c a c : i ? e ! a 7 e * F>'l . q ; . in c : - e r * c r a ? . : r e 
re is s a b S ; a a l 1 a ! i 7 5 c s h c r t circa:: pain b e. : » c e c t *s e iq . 

1 0 a particular embodiment c \ t fa e p : e b e d : ? c > e 0 ; : « b . the end n •: i r t t i 
the etching can be determined by mcnitcriog the tilling rate cf :re 5i)T 
layers. Tbr cogh : c S : i 0 g . the c ; ! ! i n % rates are d c i c : at ; e e 5 f c : the parti 
colar materials of FM2 and INS thac a^e rc be used. Free these Btiiiir? 
rates, an a \ g c- : i 1 b it can be demised for determining fc c * ro u c i; i 0 a g c r to e t 
c b given particular m i i i i n g rates e b s e ' v e d d t : i a g f a b : : c a t : z . Thus . d 
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uriog I ab r : c a : i c * : -he ar.il.'lcg rate cf ihc SDT layers is ?no r; ; : r r c c . arc 
miiiicg is stopped bases c p c n the detected miiiing rate a r d :fc£ ?-xp : ::(c 
Mf devised a i 25 'it**. .Also, *i:eD the materials use: in F\:2 s:;: :>t'S hi- 
c significant!? i i f f ? : e » : m i : ; i o 3 rates, as is the case b s r s? e -1 r !^ : ? c 5 r. c 
the cfcaage io raining rate: is io r c easily a n d mere cvick." reccg;- 

1 2 e d . f a c i • i i a t : l g p r e c ; $ e etch e s s - p 5 i d t d c : e c t i g a . 

After ibis etching ?f r i c h dees net extend tc the FM1 layer, ? f : :a 
t e r f a c e surface 1 4 0 c f FM 1 b e c * e e z t h e first s t c c * i s : : e x 2 " ■ ? i 2 s . i 

2 / fe a s a firs: width W 1 . *h i • t a s e c " n c : n ; t : ' 2 c 5 surface 142 c : F>I 2 set 
v e c d t fi e first a 0 d s e c 0 n d s : d e * a : ! s 12;. 127 has a s e c c a 3 t [ d * r W 2 : h 3 : 
is smaller than the first vf i d ? b W: . Ftrthe:, the INS- or i a t e 'if d : s : « : 
a^er, has a third interface Surface 14* 'lit a thin width #3 t b a t is s c 
bstaotialiv c q a 2 1 :c the :ir«r width '. act a four-h interface surfs r. ? 
1*6 with a fourth wsdta W4 t h a r Is SEbs :aa : E a I i J ecsa! tn the sec-na xi: 
th W2. Of course, airervitire etch:*? netheds c c c i t be asei *i:z'?. xtc i a 

e t c b c a r y p a 1 1 * a y t h r c c g ir r rr e INS ■ a y e ; as described a t c 7 e . bur which 
ccafd result in different reiati*e widths c r t h : ajo?e descr ?bf~ : *ter'2 
ce s a: faces ihaa those shews in Fignre IfB. 

Figures 1 0 A a o d 1 0 B s b c x the ad rf i : : c u c f as i d s t i a ; I c g i a y 1 ' 15? r e 0 ? s 
ited ever the 5DT ma ! i i i a? e ' JiO. the hard bias lead 135. rbe ^3:: h:<s 
134, the first E h I e " d 104. a c d the tssnj-atict i a 7 ^ : 1S6 *hi"e rre s^ctes 

bi-iayer photoresist pcr-ioo? *ere s:ii! in p : a c c After r eni r v s ' ni • 
e second b : - ! a y c r p i c 1 0 : e s i £ : . s f I : $ : shield parties: L 0 4 . 5 hard h ' a 5 
lead pert i c a 132" . and ac SDT ntrn i t i i a 7 e r portion £ i 0" arc expesed :h*:s? 
b the io«Bla-[fl5 layer i;0. Thus, as shewn \i Figure I i A and !IB. a Fee 
cud shield 154 can be fcrmed io c c c t a : t ^ : tb and c?e*l>ies? : . h ? SDT iruit 1 
layer portion 110' . The second shield 154 isfcrited cf an ; si it able c c s 
d i c t i v e material a o d can be I z : m t d by first d e p c s i : : r. g an S : F c seed ! 3 y e 
r aod mask. e.g... a phctcpiatiog dam Co c t sboyc). alter xhicf) -.he seif-Dd 
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shield i54 is piattc. Sir.: i a r v. and psteatiall? dariag i a jt o 
5 s steps, a firs: s i e 1 d via n ! u ? 156 and a hard bias "cad t : £ 1 v g I -t * 
c 3 n be f c r eg c d . The mass and s e ? ri lajer a:: the a r coved :c expose in 
s n I a t i c n layer HO. 

After additiccai fabrication fcrrsF a *r::e cleatec: 34 07er-7:n? ths S? f 
T run 1 ti-iaver Coo: sao^fi;. tbe read/*r::e senssr is lapped tn fern; cz * : 
r bearing s a r face A B*5 tiiat is s a b ? : a : : i 3 ! *. y pe r ? e 5 d ; c c i a : to t:e SD T "sy 
ers and s a bs t a b : i a 1 ! J para-lei to the sieving plate IlB-ilB. W;:b a??-: 
priale [ccaticu of ibe b : - 1 a 7 e r phctcres:^: shc^n in Figure 93. a:c lays 
tag tc a ecrrespendiagiy appropriate pare, the Fii5 facing ssrface 136 c 
an be recessed relative :o ens ABS (and thereby relative to :he firs: 
tiie layer FHI facing surface i37;. In this » a y. FM2 is cc: lapped a;d 
t h b s smearing ci ibe FM2 materia! i= avoided during lappin? :c thereb? 1 
Tcid fcrmiBg a shcrt circuit between Fivi! and FMH . Also. ;U':e is si cno 
0 r t a n i t F fci ccrrcs mjb of FM2 through exposure a: :fce ABS - ts isairrs*. 

f c r appropriate recess distances I . ever r h n u g b : t e recessed - c c a : : c j g 
f tbe pinned laver FM2 affect: tae free iay?r Ftfl ma g 1 e : i 2 a : : 5 1: . :b* c?r 
responding perceatagc reduction in S LJ I ? c a s? s r s e 0 s 1 : : ; i : 7 i s % m a 1 1 . >1 c - 
e specifically, a 1 t k c 0 g h tbe sensing 1 : e 3 if r e d a f. c c by t b ; > recessed d e 
sign, the intrinsic high resistacce 3 d d b\?fc A R/R cf :he 53T sesssr csn 

compensate for tbe reduced s : g n a ! - Fc" exarap:e. ^isjnjitg an 537 
of abcut 20?t ? i: has beet ca'celated t b a t «\ :h Z ahsu: G.2 ,'/ai. the fr^ = 

layer tilts a b c a t 7 0 d : f f e t e & t : h a 3 if Z = (; . : k e : e ri c c t : n - : r. 5 e : s i : i 
?it? is less than abcut \z\. Ccmparic? sncb perferna&ce *;tli an AMR a S 3 
umed tc have a AK/R cf about 2?t, tbe recessed design SDT s e r- i r still e 
x h [ b i t s s i g 0 i f I c a 0 1 i 7 greater s c n s i : • v i 1 y . 

Tbe SDT read/w-ite sposc: thus fabricated, then cat be : ccc :pe : * :ec *: 
t h a ssSpeosi od system that can s a p p s : : 1 a c r e a d / » r i : e b e a a lor rr 0 * e at e s : 

ever a surface cf a magnetic media, and a disk drive mctc: :ra: ba? 2 
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rive s p i d d \ e u p s n * h : r \. such c magnetic m e d I a : . s sippcr ted ; - " * f - r ? * - - " 
as i Nostra tea in Figures I A ace IB. With appropriate *:r:ng. ; >en?:r. ? 

current 1 can be lured iced :s the SDT layers via bar d bizS e 3 : ■ : ? p. 
og 158. the hard bras iesd 132. an: the f(rst lead 103 T as car be an:?r? 
tcod with reference :s Figures 1>A and iiB. The sensing: C3 r *erv c : :ti:: 

centimes tc the s e c g n d shield 154 after passing torcugl the 5 DT ~ re:* 
. While the storing- c a r r e d i is applied, the ^ c I " s g c difference b?:*ecr: 
the first shield, via appropriate firing iz to; firs; shield vis piug 'l 
6 5 a fl d the second s t i e ! d 154 can be re 0 is i : : e i : c determine the r c = i s : : v : 

response c I the read sensor d c r i G g cpera: icn. 

Wh i i e eaib 0 d i m e 3 : s n f the p r c s e r. : i e v • n 1 i z 0 have b c c a d 2 s c : i b ? : : : the 
context cf aa SDT read seesc:, ir 5= li q u i c be ondersioca that prefer: 
i n * c b t i 0 n c a d a i s c be practiced in ike c s a : e 1 ; c f ether : 7 ? t s c f CP? - e a 
d scoscrs that can beaeflr fre-in s a hs • a s : i a 1 1 J avoiding sb^r: c ; r ^ 2 : : s be 
Ueeo parallel L a ? e r s that cveriie cse asether. 

Alike ag^ tbe fcregstag ;?7ect:ca ha? been described ia ssse :eta:i fcr 
purposes of clarity ef understanding f : * i \ i be apparent t n a : c r : ? : r 
changes aod eg d i f i c z t i c n s maf be practiced * i ■ h i n An scope cf the a 3? en 
ded claims. Accordingly, rhe present embed insects are ic be co e s : ce r e* 3 
s illustrative and net restrictive, and the : q v c d I i c t is 1 z : : •: be i : ir : : 
ed tc the details given he r e;n. but ma? be ircdifif: *iiL : 3 ifce sc:pe at: 

equivalents cf the appease: c » a ! m > . 
4 Brief Description c f Drawings 

Figure IA is a par-:ai cress sect t g n a ! !:cn: eievatiun - icv cf 4 its gee 
tic disk drive assembly: 

F i g n r e IB i s a t c p p i a 0 v i e * a ! 0 r % line I jj - I R c i Figure 1 A ; 

Figure IC is a c ? q s :-sc c t iooa i sice vie* ef a r e a ri r i : e read inc*;:^: 
ating a magnet c r es i s : ivc effect read sense:: 
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Figure ID is a c:css"£?c: :Gca" viei of the read eiemest s: F *. iC: 

Figure 2 A :£ a fie* cha~: cf a me then cf f Discing se 5DT read 2 
ccc/diag tc ao embed ia?eo: cf rhe present : d ^ e £ t ice; 

Figure 28 is a f ! c * char: c f the c p e r 3 1 i c n c f f c : m : d g 30 i £ l e : m e : : a : c 
niiti-lars: cons 1 :ec : : *c shews is F:^ere 2A, acccrding to an efiibc: :men: 
of t a e prcsen: i d t e c t : g g : 

Figaros 3A ? 4A. cA. 7A. SA. 3A f iGA. and HA are pias of ^ ? 

artially iabficaied 5DT reac £ e n £ c : a: varicus stages cf i 2 b: 1 c 2 . s: 
cording t c an e ie l> c d i & e t : e ? : fc e p : e * e s : i n 7 e n : : c b 

Fignres 3B, IB. 58 . 68. 7B, SB. 93 : 10B. ant 11B a r e c : 0 5 s - s e c : \ 0 n 3 ; r 
i e * s c f toe partially fabricated 3 DT : ? a s 1 0 s c : c ! F I g c : e s 3 A . L\ . 5 A . 
6A r 7A, SA, 9A. iCA. aoc liA. r e s pe c : ! t e ; y . 3 c • o : c : s g ic a r, zxkzi lice: i 0 
f the present invents*: and 

Figere 9C is an enlarged cicss-seciicaai r.eT cf t fe e ps::ia:!y fabrics 
ted SDT read sensor cf Figure SB : acccrdisg tc an embnaines: si th: p : c s 
e q t 1 0 v e 0 1 loo . 





T 




T 



18 




^^2000-123325 



40 V-y 




4#§§2000-123325 



41 V-y 




#g32000-123325 



42 v~y 



so 




€2. 



{ 



t 



^8 




■secc>»ot» Agrwg L^ygE- 



I 



3- 



r= 



, s«£ — rn^- 6>L> 




Co© 



#§§2000-123325 



43 V -y 




rfb«3uo»i<b -mi- las ovee. 



_J 



I 



r 



-To<=bBAA *=iR.<rr actios L/iveK. 



I 



ere** -through ^eco\iD> MArnsetAu LAi&Z. 

D^CS u^N -THeo^&H IMTEEAXE^IAT^ 



p^g. «ecoAit> Attii/E. (J\V££~ 



50 



4* BU2000- 123325 



44 V-y 



3* 




3& 



Figure 38 




t 




lo2- 



#§82000-123325 



45 V 




If $12000-123325 



46 V-y 





4#H2000-1 23325 



47 V-/ 





no 5. 



#1132000-1 23325 



48 V-y 





FPJ2000-1 23325 



49 V -/ 





&PJ2000-123325 




^^2000-123325 



51 V-y 




^2000-123325 



52 V 



^^2000-123325 



53 V 



1 Abstract 

An SDT read ses:-c: includes a first f t : r enragae t i c IFM*- • 3 j g r g n d 5 etc 
end FM layer separatee by a & insulating i a ? c r . The 1 i * > : F V : £ y e : a z i \ 
eccnd FM layer a:e s u bs : a n = 1 a l '. j eiectricaii? : < e : a t e : Ifct ?arh crhcr. 

Specifically, :be s i d c * a I S cf Said SDT read sense: are « z & s r a ri i : ?. ; i 7 
free cf electrical paths be erect ihe first FM i a 7 e r ard to? = e c *r r? i Fiv' ia 
jer. Aisc, a s a i f.a cje cf :se second Fx iajer that is su b = :a 3 : i a I ! 7 par?., 
i e 1 t c the air bearing surface, is r e c e s 3 e c f r ca: t s ? air be a r : n ? £ l- r • a r. ? 

A met bed for forming a& SDT read seas or inches depositing a ';r-r F 
M materia! layer, d e p c s i ■ : a g an istcnccdiaie i a 5 a I a t i 0 e n» a t e : i a • i 3 r t r : 
rer the firs: FYi materia: 1 a y ? j . a d d ; h c a c e pc s i t i 5g a seccn: F>! xsrerii 

1 I a 7 e t ever the intermedial iosttiatlcn n-aieriai la/er. The « e c o 5 d FM 
material I a f e r and the i n t e r m e 3 i 1 1 c i & s u t a 1 : 0 n materia! ! a j e r are etched 
? with the etching heiag srepped bel'jre l h e e 1 c h : d g etches the firs: Fv; 
materia 1 lafer . 

2 Representative Drawing 
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